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GEOLOGY AND GROUND-WATER RESOURCES
OF THE MATANUSKA VALLEY AGRICULTURAL

AREA, ALASKA

By FRANK W. TRAINER

ABSTRACT

This report describes the geology and ground-water resources of an area 
of present and potential agricultural development in south-central Alaska. 
The Matanuska Valley agricultural area, which covers about 350 square 
miles, is in a wide valley flanked by rugged mountains. The valley floor is 
underlain nearly everywhere by glacial drift whose total thickness is known 
at relatively few places. Bedrock is exposed or known to be near the surface 
in only a small part of the entire valley floor. Nonglacial unconsolidated 
deposits include windblown material distributed generally over the agricul­ 
tural area and slope deposits along the valley walls.

The youngest drift, which is at the land surface throughout the area, is 
thought to be of late Wisconsin age. Exposures and well logs record at 
least one older drift sheet in several localities, and two older drifts are known 
to be present at one place in the agricultural area. These older deposits have 
no topographic expression in the valley floor.

The drift includes till, outwash stream deposits, and estuarine and lake (?) 
deposits. Physiographic features formed by these deposits in or adjacent to 
the agricultural area include an end moraine, lateral moraines, eskers, 
crevasse fillings and other pitted features, river terraces, outwash flood 
plains, and an extensive estuarine flat. Stagnation of the ice was an im­ 
portant phase of the deglaciation of this area. The topographic form of the 
valley floor is due chiefly to deposition by glacial ice and melt water, ice- 
block pitting, and terracing by melt-water streams.

The till, known locally as "hardpan," is characteristically silty or clayey, 
tough, and relatively impermeable. The youngest till, which is the best known, 
forms ground moraine in part of the area and a buried deposit in much of 
the remainder of it. From information obtained in the relatively small parts 
of the area where wells are closely spaced the till appears to be a single, 
more or less continuous, sheet. This till commonly ranges in thickness from 
about 10 to about 60 or 70 feet; several wells penetrate till 100 feet or more 
thick (in one well its thickness appears to exceed 400 feet), but it is thought 
that the thicker sections include two or more till units. The chief hydrologic 
significance of the till is that it forms a confining layer for artesian aquifers. 
The till is generally not water bearing except where it contains layers of 
sand or gravel, and these are commonly thin and yield only small quantities 
of water.

The outwash deposits are chiefly sand and sandy gravel. Boulder gravel is 
present in some places, especially in former drainage courses that were 
probably near the melting ice. The well-sorted materials are relatively 
permeable and transmit water readily. Outwash deposits of silty sand and
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poorly sorted silty gravel are much less permeable. Individual sandy and 
gravelly beds in the outwash deposits are commonly thin and interlayered. 
However, a number of wells have penetrated thick deposits of sand; much 
of this sand becomes unstable under the differences in hydrostatic head com­ 
monly produced during drilling or pumping and flows into the wells as 
"quicksand."

In much of the area, sheetlike outwash deposits just beneath the land 
surface range in thickness from a few feet to more than 100 feet. Ground 
water in these deposits is unconfined. In some places perched or semiperched 
ground water is present above till, bedrock, or layers of stream-laid silt.

Other outwash deposits are buried beneath till. They are known to be 
as much as 50 to 60 feet thick and probably are considerably thicker in some 
places. They commonly contain confined (artesian) ground water. Well 
logs and hydrologic data suggest that buried outwash deposits form a con­ 
tinuous or almost continuous layer in an area of more than 10 square miles 
near the community of Palmer. Similar buried deposits are known to be 
present in several other parts of the agricultural area also.

The area was overridden by two large valley glaciers that joined here to 
form a piedmont ice lobe. The repeated advance and recession of the ice, 
the effects of melt-water streams, and possibly the formation of temporary 
lakes contributed to the complex stratigraphy of the drift which makes 
prediction of the presence and character of aquifers difficult.

Ground water occurs in the mantle of windblown material (loess and sand) 
only under special conditions, but the mantle is important hydrologically be­ 
cause it absorbs precipitation readily. This absorption provides soil moisture, 
leads to ground-water recharge, and reduces direct runoff.

The bedrock, chiefly sandstone, shale, and greenstone of Cretaceous and 
Tertiary age, is not an important aquifer.

Most wells in the agricultural area tap sand and gravel of the outwash 
deposits, and household and farm wells tapping suitable material generally 
provide dependable supplies. Only a few larger capacity wells have been 
constructed. Two wells belonging to the city of Palmer have produced an 
average of about 100,000 gallons per day (gpd) since late 1953, and water- 
level records suggest that equilibrium of recharge to and discharge from the 
aquifer has been attained near these wells for this rate of withdrawal. Data 
provided by test pumping two wells in other parts of the agricultural area 
suggest that properly constructed wells, penetrating a sufficient thickness 
of favorable water-bearing material, may produce as much as 100 to 200 
or more gallons per minute. However, no information is available regarding 
the effect of irregularities of the drift stratigraphy near those wells on the 
maintenance of sustained yields over long periods. Except for the relatively 
heavy pumping of the two municipal wells, ground-water withdrawal in 
the agricultural area has been on such a small scale and so widely dispersed 
that it probably has had a negligible effect on ground-water levels.

In the development of ground-water supplies in this area, the chief prob­ 
lems that cannot be solved by improved well construction are thought to be 
due to the apparent absence of suitable water-bearing material in places 
where sand becomes "quick" during the drilling or where little or no 
permeable material is penetrated.

Replenishment of the ground water is chiefly from precipitation. However, 
probably only a small proportion of the annual precipitation, which averages
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about 15 inches, reaches the ground-water body, and very dry seasons are 
accompanied or followed by a marked decline of water levels in some wells. 
In a few places water-table aquifers are recharged by water from streams. 
Natural discharge from the aquifers occurs by seepage and spring flow 
into streams and lakes, by evaporation, and by transpiration by plants.

The ground water is a moderately hard, calcium magnesium bicarbonate 
water generally suitable for domestic purposes. A few wells have obtained 
salty water or water that has objectionable hardness, iron content, or other 
characteristics. The salt water is thought to have been trapped in the bed­ 
rock when marine or estuarine water lay over this part of the region.

The area is divided into six physiographic units to facilitate description 
of the occurrence of ground water.

Data include records of 391 wells, whose locations are shown on the geo­ 
logic map, the logs of 44 wells, and chemical analyses of 27 ground-water 
samples.

INTRODUCTION

LOCATION AND EXTENT OF AKEA

The Matanuska Valley is a part of the lowland lying north of 
the Chugach Mountains in south-central Alaska (fig. 1 and pi. 
1). The valley of the Matanuska River and the lowland extending 
westward from it to the Susitna River are in the Matanuska and 
Wasilla districts as denned by P. S. Smith (1939, pi. 3). The 
area described in the present report (fig. 1), hereafter termed 
"the Matanuska Valley agricultural area," is best known as the 
site of agricultural colonization undertaken by the Federal Gov­ 
ernment in 1935. It is bounded on the north by the Little Susitna 
River and, east of the mountain canyon of that stream, by the 
Talkeetna Mountains. On the south it is bounded by the Knik 
River and Knik Arm. It extends from Eska Creek on the 
northeast to Goose Bay on the southwest. As thus defined the 
area lies approximately between 148° 55' and 149° 50' west longi­ 
tude and between 61°25' and 61°45' north latitude. It covers 
about 350 square miles.

PURPOSE AND SCOPE OF INVESTIGATION

The field study on which this report is based was made by the 
writer during the period 1949-55 as part of the investigation of 
the ground-water resources of Alaska begun by the U.S. Geo­ 
logical Survey in 1947. The purpose of this investigation in the 
Matanuska Valley was to map the water-bearing materials 
and to determine the occurrence, availability, and quality of 
ground water in the area. The need for the compilation and in­ 
terpretation of geologic and hydrologic data became important



4 GEOLOGY AND GROUND WATER, MATANUSKA VALLEY, ALASKA

with the colonization in 1935; this need has increased during the 
postwar period of continuing development. Most of the inhabi­ 
tants depend upon wells for their water supply, and those set­ 
tling in undeveloped areas have lacked information on the avail­ 
ability of ground water. More extensive utilization of ground 
water, possibly including irrigation, undoubtedly will come in 
the future.

Geologic features were mapped on aerial photographs, and the 
data were later transferred to a base map. The base used was 
taken from parts of the Sutton, Matanuska, Eklutna, Houston, and 
Knik sheets of the U.S. Army Map Service. Some mapping was 
done also on the more recent Anchorage B-8, C-6, C-7, and C-8 
quadrangles of the U.S. Geological Survey.

An inventory of wells was made, and a series of periodic ob­ 
servations of water levels in selected wells was continued through­ 
out the field study. Seven test holes were drilled by jet-percus- 
cussion and cable-tool methods. Four quantitative tests of 
aquifer characteristics were made by pumping wells under con­ 
trolled conditions. Cuttings from wells and samples of unconsoli- 
dated sediment from outcrops were examined to determine their 
texture and composition. The permeability of several small un­ 
disturbed samples was determined in the field with a variable- 
head permeameter (Wenzel, 1942, p. 64). Samples of water 
were collected from representative wells for chemical analysis.

Data from 391 wells are given in table 5; the locations of the 
wells are shown on plate 1. In addition, drillers' logs of 44 
wells are given in table 4, and chemical analyses of 27 water 
samples in table 3.

The investigation was made under the supervision of D. J. 
Cederstrom, district geologist for Alaska. M. J. Slaughter, R. M. 
Waller, and G. W. Whetstone assisted in certain phases of the 
fieldwork. Leonard Reynolds, George Ramsey, and Glenn Ram- 
sey drilled the test wells constructed as part of the investigation. 
E. C. Casey, D. A. Morris, D. C. Phillips, Clifford Shaw, M. J. 
Slaughter, R. M. Waller, and G. W. Whetstone made many 
water-level measurements, and Mr. Waller determined the alti­ 
tudes of several wells by instrumental leveling.

PREVIOUS INVESTIGATIONS

The geology of the Matanuska Valley agricultural area or of 
parts of it has been described in several reports. Capps (1940) 
discussed the geology of the general region. Martin and Katz 
(1912) described the part of the area near Moose and Eska
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Creeks, and Landes (1927) described the district between the 
Knik and Matanuska Rivers. Rockie (1946) described the physi­ 
cal geography of the agricultural area in a report on soils and 
land conditions. The writer (1953) has given a preliminary 
description of the geology and ground-water resources. Other 
papers, including those by Black (1951), Karlstrom (1952, 1953, 
1955b), Kellogg and Nygard (1951), Martin (1942), Pewe and 
others (1953, p. 12-13), Rockie (1942), Stump, Handy, Davidson, 
and Roy (1956), Stump, Handy, Davidson, Roy, and Thomas 
(1956), Stump and Roy (1956), and Tuck (1938), have been 
devoted to special problems relating to the geology of the area.
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GEOGRAPHY 

CLIMATE

The climate of the eastern part of the Cook Inlet lowland, 
which includes the Matanuska Valley agricultural area, is the 
result of a combination of marine and continental influences. 
Near the ocean but separated from it by the Chugach Moun­ 
tains, the lowland lacks both the high precipitation of areas bor­ 
dering the Gulf of Alaska and the temperature extremes of the 
interior of the Territory. Dale (1956) has described the climate 
of the Matanuska Valley.

Climatological data have been collected at several localities in 
the agricultural area in recent years. The longest record is that 
for the Alaska Agricultural Experiment Station near Mata­ 
nuska. Selected data for this locality are presented in table 1.

For some years of record the total precipitation in the Mata­ 
nuska Valley has been as much as one-third greater or less 
than the mean. The mean total seasonal snowfall is nearly 4 
feet, but the annual departure from the mean may be as great as 
half this amount. In most years the winter and spring are rela­ 
tively dry, and about two-thirds of the annual precipitation oc­ 
curs during the 5-month period June to October.

Wide departures from the mean temperature are well illus­ 
trated by variations in the length of the growing season. The 
last spring frost commonly occurs in late May, and the earliest 
autumn frost, in late August or September. During a total of 
35 years for which records are available, the length of the 
growing season averaged 106 days but ranged from 59 to 140 
days.

Midsummer temperatures in the agricultural area commonly 
range from 45° to 70° F; temperatures as high as 80° F are 
unusual. The winters are moderately cold, but periods during 
which the temperature reaches  20° to  30° F are usually short. 
The autumn freezeup comes in October or November, and sea­ 
sonal frost commonly reaches depths of 6 feet or more. The 
ground begins to thaw in April or May, but seasonal frost 
may persist beneath the surface in protected spots as late as 
July.

Appreciable microclimatic variation occurs within the agri­ 
cultural area, perhaps because of differences in topography or 
because of other influences. The geographic distribution of light 
summer showers and the geographic variations in the occur­ 
rence of frosts in spring and autumn are particularly notice-
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able. For example, the average length of the growing season at 
Weather Bureau station Palmer IN, at Palmer (about 6 miles 
northeast of the Experiment Station) was 26 days longer than 
that at the Experiment Station during the period 1942-55.

The seasonal distribution of rainfall (little rain early in the 
growing season), the wide departure from the mean precipita­ 
tion during many seasons, and the late spring and early autumn 
frosts during many years are responsible for a measure of un­ 
certainty in crop yields in the agricultural area.

The dominant wind of this region, known locally as the "Mata- 
nuska wind," is from the northeast. It is an autumn and winter 
wind and sometimes blows almost continuously for several days 
or longer. Weather Bureau records indicate that gusts reaching 
50 or more miles per hour occur during the more severe storms. 
The "Knik wind," produced by the flow of oceanic air from the 
Gulf of Alaska moving down the Knik Valley, is relatively warm. 
During late winter and spring it brings mild weather and, in 
many years, removes much of the snow cover from the agricul­ 
tural area before the ground begins to thaw.

TOPOGRAPHY AND DRAINAGE

The Matanuska Valley agricultural area lies in a wide flat- 
floored valley formed by the merging of the Matanuska and Knik 
valleys at the eastern end of Knik Arm (fig. 1). The valley is 
bounded by rugged mountains which rise abruptly above its 
floor. In the Chugach Mountains, at the southern edge of the 
valley, Pioneer Peak rises to an altitude greater than 6,300 feet; 
several other peaks surpass 4,000 feet; and altitudes of 3,000 
feet are common. Along the northern edge of the valley, peaks 
in the Talkeetna Mountains reach altitudes of 3,000 to 5,000 feet.

Although the altitude of the valley floor ranges from tide level 
at Knik Arm to 1,000 feet at the base of Wishbone Hill, the 
local relief is commonly not more than 100 to 200 feet. (See fig. 
1 for the locations of geographic features named.) Bodenburg 
Butte, which is almost 800 feet higher than the surrounding 
lowland, and other similar hills of rock provide greater relief. 
The bluffs along the Matanuska River north of Palmer rise 200 
to 300 feet above the river flood plain.

Most of the valley floor is a gently rolling surface crossed by 
narrow flat-floored stream courses. The hills and intervening val­ 
leys commonly trend southwestward. This 'characteristic is 
shown most conspicuously by two linear series of lakes near 
Wasilla, but is repeated by many smaller features. Exceptions
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to this general orientation of topographic features include south­ 
ward-trending parallel hills and valleys in the northwestern part 
of the area; irregular hills and swales and winding ridges near 
Moose Creek and between Palmer and the Agricultural Experi­ 
ment Station; and a series of benches and wide flats near the 
Matanuska and Knik Rivers and along the north side of Knik 
Arm.

Most of the area is drained by the Matanuska and Knik Riv­ 
ers, although the Little Susitna River drains part of the north­ 
ern section of the area and several small streams flow directly 
into Knik Arm. Drainage is poor in many interstream tracts, 
there are large areas of swampy ground, and shallow lakes oc­ 
cupy many of the depressions.

The Knik and Matanuska Rivers are braided glacial-outwash 
streams having wide bare flood plains. Both streams have their 
highest flow during the summer. The Knik River floods annually 
in July or August when Lake George, impounded by Knik Glacier, 
overflows, erodes the ice along the valley wall, and drains.

VEGETATION

In its natural state most of the area discussed in this report 
was forested. White spruce, cottonwood, aspen, and birch are 
characteristic of the well-drained soils. Willow grows on many 
types of deposits. Black spruce is common in some bogs. Alder 
grows both in moist spots on the lowland and, with willows, on 
the mountain slopes bordering the valley. The altitude of the 
tree line is commonly 1,500 feet or less but is higher in many 
ravines. Trees in this area are shallow rooted and easily blown 
down; windfalls are common in forests composed of older trees. 
Fire, largely accompanying settlement and railroad construction, 
has burned over many parts of the valley floor. Extensive 
burned areas are now covered by second-growth forest. Other 
burnt-out areas, especially near the tree line, have not become 
reforested but are covered by fireweed and grasses. Rates of 
tree growth and forest succession in the agricultural area 
have recently been discussed by Reed and Harms (1956). Mosses, 
sedges, and grasses are common in poorly drained tracts through­ 
out the area and also form the ground cover in much of the for­ 
ested land.

The flats along Knik Arm are, or recently have been, subject 
to tidal flooding; over most of their area they bear only small 
salt-tolerant plants. The wide flood plains of the Matanuska 
and Knik Rivers are practically bare of vegetation because at
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some time during every season or two the gravel bars either are 
submerged or are removed and rebuilt during the shifting of 
braided channels.

CULTURE

As a result of the finding of gold in the Talkeetna Mountains, 
the settlement at Knik was established in 1898 at the site of an 
Indian village and Russian mission. In 1916 the Alaska Rail­ 
road was extended through the Matanuska Valley; and, where 
it crossed the trail between Knik and the Talkeetna Mountains, 
the community of Wasilla was established. Matanuska grew at 
the junction of the main line and a spur line leading to the 
Matanuska Valley coal fields. After the establishment of the 
agricultural colony in 1935, the center of population of the 
valley shifted toward the community of Palmer.

The population of Palmer is about 1,000. Wasilla is much 
smaller, and only a few families remain in Matanuska and Knik. 
There are now more than 300 full-time and part-time farms 
operating in the Matanuska Valley (Mick and Johnson, 1954, 
p. 238). The rural population, which probably exceeds 2,000, is 
concentrated in the eastern part of the area.

The agricultural area is traversed by the main line of the 
Alaska Railroad, which passes through Matanuska and Wasilla 
northward to Fairbanks. A branch of the railroad extends from 
Matanuska through Palmer to Jonesville on Eska Creek. The 
Glenn Highway begins at Anchorage, about 50 miles southwest 
of Palmer; it extends through Palmer and into the interior of 
Alaska by way of the upper Matanuska Valley. Air travel has 
long been popular in this area and elsewhere in Alaska, several 
small local fields have been used, and a new airport was com­ 
pleted at Palmer in 1950.

Development of agriculture in the area has continued since 
establishment of the agricultural colony. Dairy products, pota­ 
toes, and truck crops are the most important farm products. 
Stone (1950) has described the history of the agricultural colony.

GEOLOGY

CONSOLIDATED BOCKS

The bedrock adjacent to the agricultural area has been de­ 
scribed in several reports, including those by Martin and Katz 
(1912), Landes (1927), Capps (1940), and Barnes (1953). The 
Talkeetna Mountains to the north are composed mainly of igneous

510Z57 O -60 -Z
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rocks, chiefly granitic intrusive rocks (Mesozoic?) and subordi­ 
nate lavas and tuffs; Cretaceous and Tertiary sedimentary rocks 
form the south flank of the mountains. Mesozoic rocks in the 
Chugach Mountains to the south include granitic intrusive 
rocks, metamorphosed sedimentary rocks (chiefly slate, argil- 
lite, and graywacke), and greenstone. Martin and Katz (1912, p. 
72-75, pis. 15, 16) believe that part of the straight front of 
the Talkeetna Mountains has developed along a fault zone and 
that the course of the Little Susitna River is approximately along 
the fault zone downstream from the point where the stream 
emerges from the mountains. More recent work by the Geologi­ 
cal Survey shows the presence of coal-bearing rocks of Ter­ 
tiary age north of the Little Susitna River (Barnes, 1953, p. 
4); these rocks, with other evidence, indicate that the mountain 
front rather than the stream course marks the western extension 
of the fault for at least 10 miles west of the mouth of the Little 
Susitna River canyon (Barnes, F. F., written communication, 
1956). Martin and Katz (1912, p. 74) suggest also that the rela­ 
tively straight front of the Chugach Mountains, to the south, 
may be due to faulting, but they do not find enough evidence 
to form a definite conclusion.

Cretaceous sedimentary rocks, chiefly sandstone and shale, ex­ 
tend down the Matanuska Valley to Moose Creek. Conglomerate 
and sandstone exposed in small hills south of Palmer may be the 
southwestward extension of these rocks. Conglomerate, sand­ 
stone, shale, and coal of Tertiary age are exposed in the Eska 
Creek-Wishbone Hill-Moose Creek area. Coal has been mined 
there, and at Houston at the northwestern corner of the agricul­ 
tural area. Exposures along the Matanuska River and Moose and 
Wolverine Creeks show that in the northeastern part of the ag­ 
ricultural area the sedimentary rocks are folded and faulted and 
commonly strike northeast. The available data are too few to 
permit conclusions regarding the composition and structure of 
the sedimentary rocks beneath the wide valley floor west of 
Palmer or their depth of burial beneath the overlying unconsoli- 
dated deposist.

Plate 2 shows the configuration of the bedrock surface be­ 
neath a relatively small area near Palmer. The west- and south­ 
west-trending ridges at Palmer and at Bodenburg Butte and the 
deep valley between them are conspicuous features of the bed­ 
rock surface. Glacial erosion and perhaps preglacial stream ero­ 
sion are responsible for these features, but it seems likely that 
their position and form have been controlled by other factors such
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as lithology, the strike of the beds, or the presence of fault zones. 
Any or all of these factors may have been important, but it is 
thought that faulting was probably the most significant. Mar­ 
tin and Katz (1912, p. 74) suggest that faulting has occurred 
along what is now the front of the Chugach Mountains, and 
recent mapping by R. G. Gastil (535 Eng. Det., Terrain, U.S. 
Army Map Service, oral communication, 1956) also suggests the 
presence of fault zones.

UNCONSOLIDATED DEPOSITS

Quaternary unconsolidated deposits, chiefly glacial drift, cover 
the bedrock in most of the agricultural area. The drift consists 
of deposits laid down over the valley floor generally when the 
ice lay in or near this area; and of modern outwash stream and 
estuarine deposits laid down far from the existing glaciers. The 
nonglacial deposits include windblown material, alluvial fans, 
talus, and frost-disturbed materials.

Because it seems likely that the existing Matanuska and Knik 
Glaciers are remnants of the more extensive glaciers which 
once extended across the agricultural area, rather than having 
been formed after complete melting of those larger glaciers, 
a distinction between Pleistocene and Recent deposits in this area 
is not attempted. In this report all the unconsolidated deposits 
are designated simply Quaternary deposits.

The geologic map (pi. 1) shows the distribution of bedrock 
exposures and of unconsolidated deposits exclusive of swamp de­ 
posits and the mantle of windblown material.

GLACIAL DRIFT

Glacial drift includes all materials deposited by glacial ice and 
its melt water. These materials are till, outwash stream de­ 
posits, and deposits forming in standing water. Deposits of all 
these types are present in this area.

TILL ("HARDPAN")

Till is a fragmental unconsolidated material deposited by or 
from glacial ice with little or no modification by running water. 
It is characteristically unsorted, consisting of rock fragments 
that range in size from clay to boulders. However, melt water is 
active in many places where till is deposited beneath and at the 
margins of the ice, and the deposit may therefore contain, be 
associated with, or grade into sorted materials laid down in 
stream channels or ponds. Some glacial drift has been imper-
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fectly washed and may be called arbitrarily either till or poorly 
sorted gravel. In addition, some till probably contains sorted sedi­ 
ment from older deposits eroded by the ice. Till is best con­ 
sidered one end member of a continuous series of materials; the 
other end member is well-sorted drift such as gravel or sand 
(Flint, 1947, p. 103).

The till in this area is commonly gray. It is composed chiefly 
of subangular to rounded rock fragments in a matrix of mixed 
sand, silt, and clay. The rock fragments range in size from 
granules to boulders; they consist chiefly of the rocks character­ 
istic of the adjacent mountains, and to a lesser extent of the 
sedimentary rocks exposed in the Matanuska Valley. Except 
where it is sandy the till is massive, compact, and tough. It 
is difficult to excavate and is known locally as hardpan.

The massive till locally includes thin layers of well-sorted sand 
or sandy gravel (sample 7, fig. 2); irregular streaks of poorly 
sorted bouldery, sandy, or silty material; and a mantle of bouldery 
sandy silt that covers the till on some hilltops and slopes. The 
layers of sand and gravel, commonly a few inches to a few feet 
thick, seem to be similar to lenses and stringers of sorted ma­ 
terial found in till in the United States to the south (Meinzer, 
1923a, p. 285). They were probably deposited by small sub- 
glacial streams that flowed temporarily upon till beneath ice 
before being covered by additional till. The irregular streaks 
differ less markedly from the enclosing till than do the sandy 
layers. They are attributed to local variations in deposition. The 
mantle of poorly sorted material, commonly 1 to 2 feet thick, is 
thought to be superglacial drift, part of the ablation moraine 
that covered the glacier surface during melting of the ice. The 
sandy layers have been found in several outcrops and many wells 
in this area. The available evidence suggests that they are of 
limited and irregular extent, but there may be large numbers of 
them in the till. The irregular streaks and the mantle are prob­ 
ably widely distributed, but there are relatively few exposures, 
and therefore these features have been observed in only a few 
places.

The till of the Matanuska Valley agricultural area is relatively 
impermeable. It appears to be generally saturated, and is sen­ 
sibly wet in some places, especially where sandy. (See log of well 
596a.) As a rule, however, only the layers of sand or gravel 
yield water freely; and these, because of limited extent, in only 
small quantities.

Two points regarding the identification of till should be em-
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phasized: (1) till is defined on the basis of mode of deposition 
but in areas of past glaciation this origin must be inferred from 
lithologic and other data, and (2) the only tests of the cor­ 
rectness of this inference are the consistency of the data used and 
the agreement of the inference with the known or inferred re­ 
gional history. Because of its wide range in character and its 
similarity to several other sedimentary materials, till is difficult 
to identify in many exposures. But till found in drilling is even 
more difficult to identify, particularly because the buried ma­ 
terials are seldom seen in the undisturbed state. The distribu­ 
tion, thickness, and character of the buried till are inferred from 
information provided chiefly by well logs, and it is therefore 
pertinent to mention the evidence on which the interpretation is 
based.

Till similar to that exposed at the surface in some places was 
identified in several wells by means of chunks of undisturbed 
material recovered with the cuttings, or by correlation with beds 
exposed nearby on the basis of sequence of deposits and depth 
below the land surface. The buried till is characterized by com­ 
pact, noncaving zones that stand open for several feet or more 
below the casing during cable-tool drilling and that consist of a 
tough matrix of mixed clay, silt, and sand with embedded stones. 
In some places these zones alternate with softer material that 
caves. (See logs of wells 445a and 445c, table 4.) Mud formed 
from this till by drilling commonly contains sand and broken 
pebbles, and materials shown in drillers' logs as "mud with 
gravel" or "mud with gravel and boulders" are thought to be 
till. These several characteristics the way in which much of 
the material stands open ahead of the casing during drilling, the 
common presence of only thin relatively permeable zones in the 
material, and the character of the drill cuttings serve to suggest 
that a subsurface formation is till even where undisturbed sam­ 
ples are not obtained.

Till is the chief or important component of the conspicuous 
end moraine which marks the farthest extent of the ice west of 
Goose Bay and Big Lake, just beyond the agricultural area. The 
lateral moraines which mark the upper edges of the ice on the 
mountain slopes flanking the valley and the ground moraine 
which forms the land surface in much of the western part of the 
agricultural area also are composed of till. The ground moraine 
was deposited by the ice, and its surface probably has been little 
modified except by the deposition of a thin mantle of gravelly 
material upon it and by local melt-water erosion. Only a few
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wells have passed completely through the ground moraine. In 
four wells near Wasilla (596a, 597, 599, and 621a), the thick­ 
ness of the deposit averages 70 feet. However, the ground 
moraine is 10 to 20 feet thick in the bluff at Goose Bay, to the 
southwest, and probably is considerably thinner than 70 feet over 
much of the western part of the agricultural area, where the 
glacier was wider than to the east.

Over much of the agricultural area east of Wasilla, and west 
and north of the Matanuska River, till that is considered the east­ 
ward extension of the ground moraine is covered by outwash sand 
and gravel. Where wells have passed through the till, its thick­ 
ness commonly ranges from about 10 feet to about 60 or 70 feet. 
Several wells penetrate till 100 feet or more thick, and a few well 
logs record much thicker sections.

A large number of well logs and several exposures show older 
drift beneath the surface or near-surface till. Many of the 
data are summarized in plate 3 and figure 4, and detailed infor­ 
mation is tabulated in the well records and well logs. An aban­ 
doned well near well 305 (see log, table 4) penetrated "blue 
mud" and "blue mud and shalerock" beneath outwash gravel 
that in turn lies beneath till; the blue mud is thought to be an 
older till that contains shale fragments near its base. Wells 
442 (Kneff), 448 (Linn), and 496 (Valley Christian Childrens 
Home) also are thought to have penetrated two tills. Two wells 
(445a and 445c) at the Agricultural Experiment Station 
passed through two layers of till and reached a third. It is in­ 
ferred from the logs that these three tills are separate sedimen­ 
tary units. This conclusion is confirmed for the upper two layers 
by the difference in water levels for the aquifers confined by 
them; this shows that the tills are continuous laterally near 
the wells.

Several thick sections of till penetrated by wells in the agri­ 
cultural area are thought to represent two till units or more. 
Well 4 (Lazy Mountain Childrens Home) penetrates till from 
the surface to a depth of at least 308 feet, with the exception of 
sand and gravel in the interval from 260 to 280 feet. Rapid 
unwatering by pumping suggests that this body of sand and 
gravel is of limited extent; however, it is considerably thicker 
than the layers of sorted material commonly found in till in the 
agricultural area, and the writer believes that it may be a 
remnant of an outwash deposit, eroded and later covered by till. 
If this interpretation is valid, the aquifer separates two tills. 
Moreover, the 260-foot section of till above the sand and gravel
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is several times thicker than most known sections of till west 
of the river near here, and it seems likely that this thick upper 
till also represents more than one depositional unit.

What appears to be a 412-foot section of till, with a possible 
stratigraphic break at a depth of 307 feet, is recorded by the log 
of well 257 (Wallace). Wells 256 (Mayr), to the south, and 258 
(Diedrick), to the north, penetrated till 140(?) and 168 feet 
thick, respectively. The disparity in thickness seems greater 
than would be expected in a single till deposit, even considering 
the differences in altitude of the wells and the irregularity that 
characterizes drift stratigraphy. The water levels in wells 256, 
257, and 258 which have altitudes of 539, 450, and 645 feet, 
respectively and the lack of consistent change from one well 
to the others show that the aquifers are not freely intercon­ 
nected. All these facts and the character of the aquifer ma­ 
terials (interlayered gravel, sand, and clay, apparently not simi­ 
lar to the sandy layers found in the till elsewhere in the 
agricultural area) suggest that this thick till includes several 
depositional units.

Boulder pavements in till exposed in the bluff at Goose Bay 
may indicate unconformities in the section there, but the field 
evidence is not conclusive. Evidence for the age of the drift (see 
discussion of late Quaternary history) is consistent with the 
interpretation of the presence of more than one till sheet at Goose 
Bay, however.

OTTTWASH STREAM DEPOSITS

The outwash deposits, which cover much of the Matanuska Val­ 
ley agricultural area, include both deposits laid down near the 
ice and deposits like those of the modern Matanuska and Knik 
Rivers, formed some distance from the ice. All these deposits 
are predominantly sand, pebbly sand, and sandy gravel, with 
lesser proportions of gravel, silty sand, and silt. According to 
usage common among local inhabitants and drillers, a gravel is 
any sandy sediment containing stones. This local usage is of 
necessity followed in most of the well records and logs in this 
report because detailed descriptions of the materials could not be 
obtained. A small part of the gravel is so poorly sorted that it 
resembles till. The other extreme of sorting, represented by 
porous gravel composed of pebbles and cobbles without sand, also 
is locally present. Figure 2 illustrates the particle-size composi­ 
tion of outwash sand; the absence of large proportions of silt 
and clay is well shown by these graphs. (See fig. 2, page 37.)
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Boulder gravel is commonest in the northeastern part of the 
agricultural area, in terraces near Palmer and in the rough ground 
near Moose and Eska Creeks. The occurrence of boulders there 
is attributed to short distance of transport from the ice. Boulder 
gravel has been found also in several other parts of the agri­ 
cultural area, particularly in drainage courses that led from the 
melting ice.

Many wells have penetrated relatively clean sand or silty sand 
in layers that range from a few feet to perhaps as much as 223 
feet in thickness (although the very thick sections are thought 
to include lake deposits as well as those of outwash streams). 
Some logs record no difficulty in well construction, but in many 
wells the sand became "quick" (loose saturated sand in which 
the grains are suspended in the water) during the drilling. In a 
few wells even pebbly sand heaved into the casing.

It is generally recognized that quicksand is formed from ordi­ 
nary saturated sand by unbalanced hydrostatic pressure that 
keeps it suspended in the water. As soon as the balance of pres­ 
sure is restored, the suspended material settles and assumes its 
former firm condition. This is true of both surface deposits (as 
in a stream bed) and buried deposits. Silt and fine sand become 
"quick" more readily than coarser materials, presumably because 
a lesser head difference is required to suspend these finer ma­ 
terials. This mechanism is thought to explain the occurrence 
of most of the quicksand reported in the logs of wells drilled in 
the agricultural area. It has been suggested, however, that for 
some quicksand this temporarily unbalanced condition may be 
due to properties of the material itself. (See, for example, Ter- 
zaghi and Peck, 1948, p. 100.) This instability of the material may 
be due to the presence of clay or fine silt, of which the particles 
are bonded by oriented water molecules (Grim, 1951, p. 11); 
movement is thought to be produced by the application of stress 
or by a slight increase in the amount of water, which changes 
the orientation of the water molecules and breaks the bonds. 
The quicksand recorded above the water table in wells 160 
(Bauer) and 182 (Rebarchek) may have been a sand that had 
been saturated by the drilling water and disturbed by the drill. 
Perhaps the presence of silt and a small amount of clay facilitates 
the formation of quicksand in other places where the material 
is disturbed below the water table.

Exposures show that bedding is well or moderately well de­ 
veloped in the sand and gravel. Extensive exposures generally 
show, however, that individual beds in a section pinch and thin
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out laterally. Crossbedding and channel-and-fill structures are 
common. Layers of silt are included in the sand and gravel in 
many places. Other materials, such as till, peat, and fine-grained 
sediments deposited in ponds, are present locally.

The surficial outwash stream deposits of the area have been 
mapped (pi. 1) as a number of distinct units. However, as is 
pointed out in the explanation of the map, some are grada- 
tional into one another. All these deposits were laid down by 
glacial melt water, many of them on or against the ice; melting 
of the ice during and after deposition led to slumping and pitting 
of the adjacent deposits. This drift is therefore designated on the 
map as outwash stream deposits; areas of pitted deposits, eskers, 
and crevasse fillings are differentiated. The modern deposits of 
the Knik and Matanuska Rivers are shown as separate units. 
They differ from most of the older deposits by being, on the 
average, somewhat finer grained, probably because they were 
laid down farther from the ice.

Pitting of the outwash deposits, as a result of the melting of 
buried ice, and terracing by melt-water streams are considered 
among the important processes in the development of the land­ 
scape in the agricultural area. The areal distribution of pits can 
be estimated from plate 1. Only a few of the most prominent 
terraces are shown on the map, but nearly all the area mapped as 
outwash deposits has been terraced.

Many stream terraces near Palmer are underlain by till that 
has a gravel cover less than 30 feet thick. (See, for example, 
records of wells 1, 2, 340, 343, 364, 370, 371, 372, 375, table 5.) 
In addition, well records (623 and possibly 630), a few outcrops 
of till (pi. 1), and poor surface drainage on terraces along the 
north side of Knik Arm in the western part of the agricultural 
area suggest that the gravel lying on the till there is thin. 
Probably the gravel beneath each of these terraces is merely the 
load that was in transit along the flood plain. Where the surface 
of one of these terraces is poorly drained, one may infer with some 
assurance that till lies beneath it at shallow depth; where the 
surface is well drained, the thickness of the gravel presumably is 
greater but must be determined from other evidence.

Near the Matanuska River north of Palmer, the terrace on 
which Palmer stands is underlain by till that has a gravel cover 
locally not more than 5 to 10 feet thick. At least half of the well 
logs available for the wide terrace south of Palmer record a 
layer of coarser material ("boulders," "boulders and gravel," 
"coarse gravel"), commonly 30 to 50 feet thick, that lies just
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beneath the surface. (See, for example, records or logs of wells 
142, 143, 154, 160, 162, 165, 176, 182, 187, 189, and 195.) Be­ 
neath this coarse material is finer alluvium ("sand" or "gravel 
and sand") or locally what may be till. Stump, Handy, David- 
son, Roy, and Thomas (1956, p. 70) note that the broad surface 
south of Palmer and other surfaces at Bodenburg Butte and 
farther east are remnants of a fan built southward by the 
Matanuska River. The near-surface layer of coarse gravel is the 
material composing the fan.

The preceding paragraphs describe outwash stream deposits 
at or just beneath the land surface. In a large part of the agri­ 
cultural area, older glacial drift, buried by the surface or near- 
surface till, includes similar sand and gravel. Tables 4 and 5 
record the available data regarding the distribution and charac­ 
ter of these older deposits, and part of this information is sum­ 
marized in plate 3. In general both the surficial and the older, 
buried outwash stream deposits are relatively permeable. The 
surficial deposits are commonly well drained except in places 
where they are underlain by till at shallow depths.

DEPOSITS FORMED IN STANDING WATER

Estua/rine deposits. Glacial clay, silt, and sand are carried 
into Knik Arm by the Matanuska and Knik Rivers. Most of this 
new sediment is reworked by tidal currents, and probably much 
of it is carried into Cook Inlet. Extensive bars that appear to be 
fairly stable may be seen in the estuary at low tide, and it is 
possible that they are being built at present. Wide benchlike 
features or flats, underlain by tough, impermeable clay and silt, 
border the head of Knik Arm near Matanuska (pi. 1) on the 
north side of the estuary and near Eklutna, outside the agricul­ 
tural area, on the south side. These flats, which stand 20 to 30 
feet above mean sea level, are partly flooded by very high tides; 
they are thought to owe their smooth upper surfaces to continu­ 
ing slow tidal deposition upon older bars. Where silt and clay 
are at the land surface, as south and southwest of Matanuska, 
the ground is marshy. Stream-laid sand is at the surface in the 
intervening better drained areas, but the estuarine clay and silt 
probably extend beneath this sand. A 200-foot hole drilled at 
Matanuska by the Alaska Railroad is reported (Bruce Can­ 
non, Alaska Railroad, oral communication, 1955) to have pene­ 
trated clay and silt throughout its entire depth, except for sand 
near the surface.

On the assumption that the flats west of Matanuska now stand
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slightly above low-tide level in the estuary, the writer believes 
they were formed chiefly at a time when the sea was several feet 
higher, relative to the land surface, than it is at present. They 
may have been built higher by the deposits of very high tides at 
any time since they were formed.

Lake (?) deposits. Sandy or silty sediments in the subsur­ 
face in two parts of the agricultural area are thought to have 
been deposited in lakes. These deposits, which are known only 
from logs, underlie a tract near the Agricultural Experiment 
Station and one south of Palmer.

The subsurface deposits near the Experiment Station are de­ 
scribed as "mud" in the older well logs. Comparison of these logs 
with data obtained from drilling observed by the writer (wells 
445a and 445c) suggests that the deposits consist predominantly 
of fine silty sand with clay and some coarser material; they are 
generally saturated and at many places form "quicksand" during 
drilling. The material is more than 100 feet thick in some places. 
It is widely distributed in the subsurface near the Experiment 
Station (typical logs are listed in the remarks that accompany 
the log of well 437). The thickness of the deposits, the pre­ 
dominance of fine-grained materials, the presence of laminae of 
silt and clay in the sand, and the scarcity of gravel beds suggest 
deposition in a lake or estuary. The materials are predominantly 
sand and silt rather than clay. An appreciable part of any clay 
carried into a body of water probably would have been flocculated 
and deposited if the water had been saline or brackish. Thtf rela­ 
tively small proportion of clay present suggests that the sediment 
was deposited in fresh water; the body of water is thought to 
have been a lake, but it may conceivably have been an estuary 
freshened at its upper end by the inflow of fresh water.

It seems likely that lakes would have formed here during gla­ 
cial episodes and that the relations between ice movement and 
the formation and destruction of the lakes would have been com­ 
plex. This part of the valley floor must have been overridden 
repeatedly by the Knik Glacier and perhaps by the Matanuska 
Glacier. Many complex effects may result from combinations of 
glacial erosion and deposition, melt-water erosion and deposition, 
lake deposition, and the deformation of deposits by moving ice. 
It is to be expected, therefore, that the stratigraphy of the 
drift in this part of the valley is more complex than that in other 
parts. The sandy and silty deposits recorded by the logs repre­ 
sent several different depositional units.

Fine sand that becomes quick when disturbed has been found



22 GEOLOGY AND GROUND WATER, MATANUSKA VALLEY, ALASKA

in many wells in the terrace south of Palmer. Detailed informa­ 
tion is provided by the log of well 195, which records what ap­ 
pears to be a single deposit of sand from 77 to 240(?) feet below 
the surface. Alternating layers of stable sand and of sand that 
heaved into the casing were penetrated during drilling. It is 
thought that much of the stable sand remained stable only be­ 
cause of the long column of water kept in the casing during the 
drilling. Some of the sand, however (such as that of 110 feet), 
was found to be stable under pumping.' Several wells near 195 
(154, Mohan; 160, Bauer; 176, Crowther; table 4; 213, Dodds, 
table 5; and others) also penetrated quicksand. Although de­ 
tails are not given by the logs, this sand probably is predomi­ 
nantly fine. Well 210 (Webb) is reported to have penetrated 89 
feet of coarse sand before being completed. It seems likely that 
this sand was in part quicksand; otherwise, the well presumably 
would have been completed at a shallower depth. It is interesting 
to note that the thick sand in the subsurface south of Palmer 
lies in or over the buried bedrock valley (pi. 2). The deposits 
that include this sand appear to be older than and unrelated to 
the near-surface gravel in the terrace. Because they are thick 
and are predominantly sand and silty sand, unlike, the alternating 
thin beds of sand and gravel characteristic of the outwash 
stream deposits in the agricultural area, the writer concludes that 
these deposits were probably laid down in a pond or lake. It is 
possible that they are deltaic (sandy) deposits formed in an 
estuary, although the common absence of clay layers seems to 
argue against this interpretation. Part of the Lake (?) deposits in 
the subsurface near the Experiment Station may be the south- 
westward extension of this sand, but there is insufficient evidence 
to demonstrate such a relation. The deposits that underlie the 
area near the Experiment Station are of several different ages; 
those in the subsurface near Palmer appear to represent one de- 
positional unit which may be older than the till shown by a few 
well logs in the terrace south of Palmer.

NONGLACIAL, DEPOSITS

WIND DEPOSITS

A mantle of windblown sediment covers the land surface ev­ 
erywhere in the aricultural area except on modern flood plains, 
some recent terraces and tidal flats, and a few steep slopes on 
bedrock. This mantle nearly everywhere consists of silt or sandy 
silt (loess), but sand is present in several places, generally as 
dunes.



GEOLOGY 23

These deposits have been discussed by Tuck (1938), Rockie 
(1946), Black (1951), Trainer (1953), Stump, Handy, David- 
son, and Roy (1956), Stump, Handy, Davidson, Roy, and Thomas 
(1956), and Stump and Roy (1956). Tuck gave a concise state­ 
ment of the evidence for their eolian origin.

The loess and blown sand are relatively permeable and are 
well drained except in places where permafrost is present or 
whether they are underlain at shallow depth by impermeable 
material. They are the parent material of the soil in most of the 
agricultural area.

Water erosion of the loess mantle is unimportant. The high 
permeability of this material, the presence of the vegetative cover, 
and the low rainfall intensity make surface runoff negligible. 
Wind erosion, except on bare alluvial flats and the faces of river 
bluffs, was insignificant prior to the introduction of agriculture 
in this area. At present wind erosion is a serious problem in 
some cleared agricultural land, particularly in the path of winter 
storms moving down the Matanuska Valley.

OTHER DEPOSITS

Several other types of deposits alluvial fans, talus, and ac­ 
cumulations of frost-disturbed material are present along the 
mountain walls of the valley. They are of relatively small areal 
extent, but they are permeable and permit ready infiltration of 
water from rain and snow. Peat is being deposited in lakes and 
marshy tracts throughout the agricultural area. Deposits of cal­ 
careous marl occur in and beside some of the lakes (Moxham 
and Eckhart, 1956). Deposits of reworked gravel, sand, and silt 
are present along the channels of nonglacial streams on the 
valley floor. Beaver dams, and lake ramparts ridges of sand and 
gravel built by ice push, may be seen at many of the lakes in the 
agricultural area.

PERENNIALLY FROZEN GROUND (PERMAFROST)

Perennially frozen ground has been found in several places in 
the agricultural area. Three of these localities, all in bogs, are 
shown on plate 1 as follows: 2i/2 miles southeast of Wasilla, 
2% miles east-southeast of Wasilla, and 2^4 miles west of the 
Experiment Station. Dachnowski-Stokes (1941) describes an­ 
other locality, in a bog three-quarters of -a mile south of Palmer. 
No doubt perennially frozen ground is present in many other poorly 
drained tracts in this area. So far as the writer is aware, how­ 
ever, it has never been found here in well-drained ground. The
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mean annual air temperature here is above freezing and would 
not produce permafrost; therefore, the restricted permafrost 
bodies in this area are interpreted as having been formed at 
some previous time and preserved by insulation, or other means, 
from thawing. Similar bodies of perennially frozen ground have 
been found in the Anchorage area, (R. M. Waller, written commu­ 
nication, 1957), south of Knik Arm, and in the Kenai lowland 
(Karlstrom, 1955a, p. 133-134), south of Cook Inlet.

The writer found no evidence suggesting that perennially 
frozen ground has been widespread in this area or that in 
bogs such as those cited it has extended very far beyond the 
present borders of the bogs.

LATE QUATEENAEY HISTOEY

The Cook Inlet basin, of which this area is a part, has been an 
area of subsidence and deposition during Quaternary and per­ 
haps part of Tertiary time, while the adjacent higher regions 
have been uplifted and eroded (Payne, 1955). The chief moun­ 
tains and valleys of the region surrounding the Matanuska 
Valley agricultural area were probably formed under the control 
of lithology and regional structure and must have been the domi­ 
nant features of the preglacial topography. However, glaciation 
produced important changes in topographic details, so that the 
present topography is considerably different from that of pre­ 
glacial time. The walls of the main valley and of its tributaries 
have been steepened and the valleys have been widened by gla­ 
cial erosion. Deposition of sediment in the valleys has partly 
filled them and given them relatively smooth floors.

Lateral moraines on the mountain walls of the main valley and 
of some of its tributaries, and rounded stones in deposits at 
higher levels, are evidence of two or more glacial advances. Two 
tills are present at Goose Bay, one in the bluff and one under 
the beach below high tide level; they are separated by gravel 
(one or more units) that contains a peat bed 2 to 4 feet thick. 
Two drift sheets are exposed south of Knik Arm in the valley of 
Eklutna Creek, and what is believed to be a third, older drift 
sheet is exposed along Knik Arm west of Goose Bay (T. N. V. 
Karlstrom, U.S. Geological Survey, oral communication, 1955). 
Subsurface data presented in this report show that there are 
three buried tills at the Agricultural Experiment Station and sug­ 
gest that two or more buried till sheets are present at several 
other places in the agricultural area. Several glaciations are
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thus known to have affected this region. It has undoubtedly been 
glaciated repeatedly during Quaternary time.

Ice from the Knik Valley was evidently a more effective erod­ 
ing agent in the Knik Arm lowland than the Matanuska ice. 
During each glacial episode, the Knik ice, much closer to its 
source, must have reached this area sooner and remained active 
later than that from the Matanuska Valley. Evidences of this 
more effective erosion are the wide mouth of the Knik Valley, 
where only small hills of the hard rocks, typical of the Chugach 
Mountains are left near the surface (Bodenburg Butte and other 
bedrock hills, which are probably part of the preglacial divide 
between the Matanuska and Knik Rivers); the conspicuous 
truncated spurs along the front of the Chugach Mountains; and 
the lesser altitude of the bedrock surface beneath the valley floor 
(where it is known) in the southern part of the valley, as com­ 
pared with that on the softer Tertiary rocks to the north.

The older glacial drift of the agricultural area has no surface 
expression in the topography of the valley floor, and is therefore 
known only from well logs and a few exposures. The drift in the 
northern part of the agricultural area, although complex, seems 
to record a relatively simple sequence of glacial advances and 
retreats and periods of erosion and deposition by melt-water 
streams. Subsurface data show that the sequence of unconsoli- 
dated deposits near Knik Arm is much more complex than that 
farther north. It seems likely that this may be due in part to 
repeated fluctuations of the glacier front there, in part to the 
formation of temporary lakes there during episodes of glacial 
retreat, and in part to the concentration of melt-water streams in 
that part of the valley floor during later stages of the periods of 
deglaciation.

The drift of the last glacial episode, modified only slightly by 
later nonglacial processes such as the deposition of loess, forms 
the land surface in most of the agricultural area. The brief sum­ 
mary below describes the formation of the surface and near- 
surface deposits and the development of the topography of the 
valley floor.

The last ice tongue in the agricultural area extended a few 
miles west of what is now Big Lake, where its end moraine 
forms several prominent northward-trending bands of hills. Dur­ 
ing deglaciation the ice over most of the valley floor north of the 
present Knik Arm became stagnant. The Knik ice may have 
remained active longer than the Matanuska ice because its source 
was closer to the agricultural area, but eventually it also became
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stagnant. Outwash streams eroded the hills of ground moraine 
exposed by melting of the ice, deposited gravel and sand around 
and upon blocks of stagnant ice, and repeatedly trenched these 
deposits. The terraces thus formed, and pits in them formed 
by the melting of buried ice and the collapse of the overlying 
material, are among the more conspicuous features of the valley 
floor. Melt-water streams from the now-separated Matanuska 
and Knik Glaciers were at first independent, but the Matanuska 
streams migrated southward as lower parts of the valley floor 
were uncovered, and finally all the melt water from both glaciers 
flowed southwestward along what is now Knik Arm. Sea level 
gradually rose from its low position of the glacial maximum, and 
eventually salt water moved into part of the lower reach of the 
Matanuska-Knik valley and formed Knik Arm. Estuarine de­ 
posits above the level of the present average high tides suggest 
that sea level was somewhat higher than it is now, relative to the 
land surface, at least once during postglacial time. The presence 
of thick estuarine sediments at the community of Matanuska, 
(base of section not reached in a hole drilled 170 feet below the 
present sea level), and the low altitude of the broad valley floor 
of the Knik River, further suggest that, during some part of 
postglacial time, the estuary has extended up the Knik valley 
somewhat farther than it does now. It is clear that the post­ 
glacial history of the estuary and, hence, of the streams tributary 
to it has been complex.

During and after deglaciation, nonglacial processes modified 
the landscape. Windblown sediment, chiefly silt, was deposited 
upon the greater part of the valley floor and the marginal up­ 
lands. Alluvial fans and talus accumulated along the valley walls. 
The many lakes on the surface of the glacial drift have been 
modified by the accumulation of lake and organic deposits, and 
some have been completely filled.

Karlstrom (1955b) presents a chronology of late Pleistocene 
and Recent events in the Cook Inlet region, and he (1957) and 
Miller and Dobrovolny (1957) discuss some of the older drift 
deposits exposed in this region. The age of the old, buried drift 
deposits in the agricultural area and their relation to those older 
exposed deposits are not known, but it seems likely that the 
buried deposits represent at least part of the deposits which 
Karlstrom has named.

The surficial drift in the agricultural area has not been dated 
precisely, but radiocarbon dating of samples from nearby areas 
provides an approximate minimum age for it. An outwash de-
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posit near Anchorage, outside the end moraine of the last glacial 
advance and apparently formed during or shortly after the cli­ 
max of that advance, is 11,600 ±300 radiocarbon years old 
(sample W-540;1 Miller and Dobrovolny, 1957). Peat from a 
bog 6,000 feet in front of the present terminus of the Matanuska 
Glacier, about 50 miles east of the agricultural area and in a 
locality not overridden by ice since formation of the bog, has 
been dated at 8,000 ±300 years (W-431; Williams and Ferrians, 
1958). The maximum age of the surficial drift in the agricultural 
area is less firmly established. Wood from peat in the bluff 
at Goose Bay is older than 38,000 years (W-174; Rubin and 
Suess, 1955, p. 486). Although this is not an absolute age and 
is thus indefinite, it suggests that the overlying drift may in­ 
clude deposits that represent a considerable span of time. The 
overlying deposits include a lower gravel and an upper till that 
extends nearly to the land surface. The till may be interpreted 
as including more than one depositional unit, if local boulder 
pavements in it are considered to represent unconformities.

Partly on the basis of other radiocarbon ages for material from 
the Knik Arm region (some of which have since been revised 
after re-analysis) and partly by correlation with deposits in 
other areas, the youngest drift in the agricultural area has been 
tentatively correlated with the deposits of late Wisconsin age of 
the Midwestern United States (Karlstrom, 1952; Pewe and 
others, 1953, p. 12-13; Trainer, 1953, p. 14). The dates cited 
above, considered in relation to recently published radiocarbon 
dates from the Midwestern United States and elsewhere, seem to 
be consistent with this correlation. Karlstrom (1957) believes 
that the last major glaciation (the Naptowne) in the Cook Inlet 
region, during which the surficial deposits of the agricultural 
area were formed, is the correlative of all rather than part of the 
Wisconsin glacial stage of the midwestern United States.

If the late Wisconsin correlation suggested for the youngest 
drift and the 8,000-year date cited above are accepted, it is neces­ 
sary to conclude that the active front of the Matanuska Glacier 
receded 80 miles or more, from the end moraine to the position 
of the dated bog, in perhaps 3,000 years or less. Such recession 
is considered reasonable because of evidence of widespread stag­ 
nation of the ice in the agricultural area and because there seem 
to be no prominent end moraines between this area and the 
modern glacier.

i The prefix "W" indicates that the sample was dated in the laboratory of the U.S. Geological 
Survey in Washington, D.C.
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GROUND WATER 

PRINCIPLES OF OCCURRENCE

Below a certain level in the near-surface part of the earth's 
crust, the voids between fragments in unconsolidated sediments 
and the fissures and other openings in consolidated rocks are satu­ 
rated with water under hydrostatic pressure. The upper surface 
of this zone of saturation is the water table, and water in this 
zone is ground water. Between the water table and the land sur­ 
face is a zone of aeration which ordinarily is not saturated with 
water and in which the movement of water is influenced by the 
molecular attraction of the surfaces of the grains.

Ground water is derived by infiltration of precipitation, di­ 
rectly from rainfall or indirectly from the melting of snow and 
from bodies of surface water. The water moves downward 
through the zone of aeration until it reaches the water table; it 
then moves through the saturated zone from points of higher 
to points of lower hydrostatic head until it is discharged naturally 
through seeps and springs into streams or lakes, or by evapora­ 
tion, or by transpiration by plants. Artificial discharge takes 
place from wells or other artificial excavations extending below 
the water table.

The porosity and permeability of rock materials are of particu­ 
lar importance in determining their water-bearing character. 
The porosity of a material, its property of containing openings, 
may be expressed as the proportion of total volume of these open­ 
ings to the total volume of rock material. The porosity of uncon­ 
solidated sediments commonly ranges from perhaps 20 to 40 
percent for sand and gravel to as much as 80 or 90 percent for 
some newly deposited clay. Fine-grained materials such as clay 
therefore may contain much more water per unit volume than 
coarser materials, but because of the very small size of their 
pores the fine sediments are much less effective water-trans­ 
mitting materials than the coarser ones. The permeability of a 
material, its capacity for transmitting water under pressure, 
thus depends not only on the porosity of the material but also on 
the size of its pores.

In some places in the zone of saturation the bodies of water­ 
bearing material, or aquifers, lie between bodies of relatively im­ 
permeable material. If an aquifer and such confining bodies are 
sufficiently extensive and have sufficient slope away from the 
place where the water enters the aquifer, the water moves down 
the slope under pressure; and if a well pierces the overlying
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confining material, the water will rise above the level of the top 
of the aquifer. Such ground water is confined, or artesian, water. 
An aquifer in which the water is confined has no water table. 
However, an imaginary pressure-head-indicating surface (piezo- 
metric surface), which is analogous to the water table and 
which shows the distribution of head in the artesian aquifer, may 
be constructed. Water in the artesian aquifer moves in the direc­ 
tion of decreasing head. At places where the confining bed is 
absent, locally discontinuous, or sufficiently permeable ("leaky"), 
water may flow either into or out of the artesian aquifer, accord­ 
ing to the hydraulic gradient. The flow is into it where the con­ 
necting aquifer or surface stream has the higher head, and out 
where the artesian aquifer under consideration has the higher 
head.

Many streams, marshes, and lakes are at places where the wa­ 
ter table and the land surface meet; such bodies of water are 
therefore commonly considered to mark the position of the wa­ 
ter table. However, at some places relatively impermeable ma­ 
terial in the zone of aeration may be surrounded by more perme­ 
able material, and if such an impermeable mass is sufficiently 
extensive it may hold above it, in the permeable material, a body 
of ground water that is higher than the general water table in 
the surrounding area. Lakes and other bodies of surface water 
may be held up by such impermeable material, and caution must 
be used in interpreting such surface features as indicators of the 
main water table.

SUMMARY OP GROUND-WATER CONDITIONS

The Matanuska Valley agricultural area is in a wide valley 
floored with unconsolidated deposits, chiefly glacial drift, that 
represent several episodes of glacial advance and retreat. The 
stratigraphy of the materials that form aquifers and confining 
beds is therefore complex. The chief aquifers are composed of 
outwash sand and gravel laid down by melt-water streams or in 
lakes. The glacial till and the bedrock are aquifers of minor 
importance.

The outwash deposits are of two chief forms. The first con­ 
sists of sheetlike deposits that lie just beneath the land surface. 
These deposits range in thickness from a few feet to 100 feet 
or more, and in some places the thickness differs markedly within 
short lateral distances. Where the deposits have been completely 
penetrated by wells, they are known to rest on till or bedrock. 
The water in these deposits is unconfined that is, it occurs
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under water-table conditions. In some places the water is 
held up by layers of what appears to be stream-laid silt or clay, 
or by till or bedrock. The ground water appears to stand above 
the normal level of the water table in these places, but it is not 
known to be separated from the water table by unsaturated rock 
and is therefore considered to be semiperched rather than 
perched water (Meinzer, 1923b, p. 41). The thickest outwash 
deposits are between Bodenburg Butte and the Knik River and 
beneath the broad terrace south of Palmer, where numerous 
farm and household wells obtain small quantities of water from 
these deposits. Larger supplies (100 gpm or more) might be ob­ 
tained from properly developed wells in the outwash deposits 
where they are sufficiently permeable and where a sufficient thick­ 
ness of the aquifer is penetrated. In part of the terrace south of 
Palmer a sand that easily becomes quick was found in the drilling 
of existing wells. This unstable sand seems to be present chiefly 
in the bedrock valley that underlies this part of the agricultural 
area (pi. 2).

The other outwash deposits are buried beneath till. They are 
known to be as much as 50 to 60 feet thick, and probably are 
considerably thicker in some places. They commonly contain 
confined, or artesian, ground water. Well logs and data from 
pumping tests suggest that outwash sand and gravel form a con­ 
tinuous or nearly continuous buried layer or sheet in an area 
of more than 10 square miles north and west of Palmer. Similar 
deposits underlie several smaller tracts elsewhere in the agricul­ 
tural area. It is consistent with the geology of the area that 
these be considered parts of a single more or less continuous 
sheet. Available subsurface data are insufficient to confirm this 
hypothesis, but they justify the conclusion that artesian condi­ 
tions probably are present in much of the agricultural area, in­ 
cluding places where only small or negligible quantities of water 
can be obtained from shallow water-table aquifers. The artesian 
aquifers are not of uniform character; they probably are of vari­ 
able thickness and grain-size composition from place to place and 
are characterized by lateral discontinuity of beds. In these char­ 
acteristics they are similar to many nonglacial stream deposits.

Despite the irregular character of the buried deposits near 
Palmer, it appears that their water-transmitting capacity is rela­ 
tively uniform over a fair part of their known extent. The city of 
Palmer has pumped about 100,000 gpd from these deposits since 
the autumn of 1953, and water-level records suggest that equilib­ 
rium of recharge to and discharge from the aquifer has been
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attained. The aquifer provides many dependable farm and house­ 
hold water supplies also.

Subsurface data pertaining to artesian aquifers near the Agri­ 
cultural Experiment Station show that stratigraphic and hydro- 
logic conditions there are complex and much less regular than 
near Palmer. Fine-grained material there tends to become 
"quick" during drilling and pumping, and successful wells 
must be developed in coarser materials. Lateral changes in the 
water-transmitting capacity of the aquifer, shown by hydrologic 
data, may be due to thinning of the aquifer, to intercalation of 
beds of different permeabilities, to gradation of the aquifer ma­ 
terial into less permeable material, or to a combination of such 
factors. Supplies of 100 to 200 or more gpm can be obtained 
from properly developed wells finished in favorable material, 
but the effect of the irregular stratigraphy of the aquifers on the 
maintenance of such discharge rates over long periods is not 
known.

The chief hydrologic significance of the till sheets in the ag­ 
ricultural area is in their function as confining beds for the 
artesian aquifers. The till is in general poorly permeable, al­ 
though locally thin layers of sandy material in it yield small 
quantities of water. Till that is present at or near the land sur­ 
face in much of the agricultural area makes the aquisition of 
shallow ground water difficult or, locally, even impossible.

The bedrock also is poorly permeable. It yields water only 
from fractures, whose location and frequency cannot be pre­ 
dicted with assurance on the basis of data from the few ex­ 
posures. Records of the few existing wells in bedrock show that 
the frequency of fractures is considerably different in nearby 
localities. Several of the wells in bedrock have obtained salt 
water which is thought to have been in the rock since this region 
was last covered by marine water.

Ground water in the agricultural area is in general suitable for 
human consumption, although a few wells have obtained salty 
water or water that is objectionably hard or has a high iron 
content or other undesirable characteristics. The water is of the 
calcium magnesium bicarbonate type and is moderately hard.

Recharge of the ground-water reservoir is chiefly from pre­ 
cipitation. Probably only a small proportion of the annual 
precipitation reaches the water body, and very dry seasons are 
accompanied or followed by a conspicuous decline of water levels 
in many wells. Water-table aquifers beneath the terrace south of 
Palmer and in the area near Bodenburg Butte receive under-
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ground flow from the Matanuska River. Movement of stream 
water into the ground is known or thought to occur along sev­ 
eral smaller streams also. Natural discharge is by seeps and 
springs into streams and lakes, by evaporation, and by transpira­ 
tion by plants.

Detailed quantitative ground-water information is available 
for relatively few localities in the agricultural area. The areas 
of withdrawal of ground water are well distributed throughout 
the settled parts of the agricultural area, and except for pumping 
by the city of Palmer the withdrawal has probably had a 
negligible effect on ground-water levels. The only ground-water 
problems observed that cannot be solved by improved well con­ 
struction are thought to be due to the absence of suitable water­ 
bearing material in some places. It appears that the quantity of 
ground water available is sufficient to meet reasonable future 
needs, particularly if future wells are widely spaced, as are those 
in use today. It is possible that, in some places where the aquifers 
might not provide moderately large supplies under continuous 
pumping, supplies could be obtained for short periods each year 
for such uses as supplemental irrigation. The complexity of the 
stratigraphy of glacial drift, particularly in this area where 
two large trunk glaciers joined to form a piedmont ice lobe, 
makes prediction of the location and characteristics of aquifers 
difficult. Available subsurface data suggest that most wells drilled 
for household or farm water supplies, in the better known parts 
of the agricultural area, at least, will be successful. However, 
careful test drilling, development, and pumping will be required 
to provide adequate information for each locality where a large 
ground-water supply is desired.

HYDROLOGIC CHARACTER OF ROCK UNITS 

CONSOLIDATED BOCKS

Bedrock underlies the entire area and is near the land surface 
or is exposed in the vicinity of Palmer and Bodenburg Butte, in 
the eastern part of the agricultural area. The known occurrences 
of bedrock there are shown on plate 2.

Several wells obtain adequate household water supplies from 
bedrock. (See records of the following wells in table 5: 24, Mc- 
Kenzie; 70, Falk; 80, McKinley; 137, Stacey; 146, Thuma; and 
229, Moffitt.) Other wells in bedrock (147, Thuma; and 376, 
Mehan) yield only small supplies. The records of wells 70 and 
146 report water at several levels that are interpreted as frac­ 
tured zones in the rock. Bedrock examined at surface exposures
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is relatively impermeable; probably none of it transmits water 
readily except through fractures. The rock is exposed in so few 
places that there is no satisfactory way of predicting where frac­ 
tures are most likely to be present. Well 80 was drilled nearly 90 
feet into greenstone before a water-bearing fracture was found. 
One well (147) on the Thuma property extends 117 feet into bed­ 
rock (shale?); it passes through two water-bearing zones and 
yields about 350 gpd. A second well (146), nearby, extends only 
16 feet into the rock; it was pumped at the rate of 8 gpm for 42 
hours and bailed at 16 gpm for a short period.

On the basis of data from existing wells, the writer concludes 
that there is a fair chance of developing small ground-water sup­ 
plies from the bedrock in the eastern part of the agricultural 
area but that some holes would be dry. It is considered unlikely 
that large quantities of water could be obtained from the bedrock.

In most places, except perhaps along the Matanuska River, 
recharge of water to the bedrock must take place from the over­ 
lying unconsolidated deposits.

The old slaughterhouse well (144), in rock, and the old hos­ 
pital well (135), which may have penetrated rock, obtained salt 
water. (See section on "Quality of water.") Two other wells, 
probably also in Palmer, are reported to have obtained salt wa­ 
ter from what may be bedrock. Because several other bedrock 
wells in the vicinity of Palmer have produced water of good 
quality, it is assumed that the highly mineralized water came 
from small bodies of saline water trapped in the rock. It is prob­ 
ably old sea water, modified by chemical reaction while in the 
rock; it is not modern salt water from Knik Arm. The likeli­ 
hood of finding highly mineralized water in new wells penetrat­ 
ing bedrock cannot be estimated; it is quite possible that almost 
any new well would tap such water.

TILL, ("HARDPAN")

About 25 wells have obtained water from till in the Matanuska 
Valley agricultural area, although a number of these produced in­ 
sufficient supplies and have been abandoned or deepened.

Tough, silty and clayey till is commonly impervious; sandy, 
less compact till transmits water somewhat more readily and in 
some places yields small supplies to large-diameter wells. The 
permeability of sand layers in the till, on the other hand, is com­ 
parable with that of surficial outwash sand. Where till lies near 
the land surface, bodies of surface water or bodies of ground wa­ 
ter in gravel may be held above it; where till lies immediately
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below the water table, water in reasonable quantity may not be 
available in the upper part of the saturated zone.

In most places where wells obtain water from till, the water 
occurs in sand or gravel layers or sandy zones in the till. These 
permeable layers are commonly a foot thick or less, as in the 
Nash (6), Venne (22), Moore (230), and Bailey (343) wells, 
but some thicker water-bearing zones have been found. The 
Withey well (474) obtains water from a 2i/2-foot zone of sandy 
material; a Geological Survey test well (3) in till penetrated 1 
foot of coarse sand, 2 feet of gravel, and 1 foot of fine and medium 
sand before passing into till again at a depth of 26 feet. In some 
wells (as Beechik, 5; Hecker, 320; and Bacon, 371a) several 
widely separated water-bearing layers were found.

A 20-foot aquifer of sand and gravel in till supplied water to 
well 4, at the Lazy Mountain Childrens Home, during one winter. 
The water initially rose 5 feet above the top of the aquifer, 
but with continuing withdrawal the water level declined until 
after 4 months only 3 feet of the aquifer was still saturated. It 
was estimated that about 400,000 gallons had been pumped from 
the well. The relatively rapid unwatering of the aquifer indi­ 
cates that recharge to it is much slower than the rate of with­ 
drawal (an average of about 3,300 gpd). The aquifer may be com­ 
pletely enclosed in till.

Water obtained from sand or gravel layers in till is probably 
derived from the till itself by downward percolation; if this is 
correct, the quantity of water obtainable from one of these 
aquifers depends not only on the permeability of the till and the 
size of the well which collects the water but also on the roof 
area of the aquifer. The range in altitude of the water levels in 
nearby wells that tap sand layers in till (see records of wells 
3, 4, 5, and 6) shows that these thin aquifers are not effectively 
interconnected.

Relatively soft, loose till reported to yield water to some shal­ 
low wells (for example, an old well near well 4; see table 5) may 
be superglacial till, more permeable than the hard, compact till 
at greater depth, which was compressed by the weight of the ice.

The areal distribution and frequency of fractures cutting the 
till and of streaks of sandy till cannot be estimated because of 
the inadequacy of exposures. If these features are widely dis­ 
tributed, they may be of some importance in the downward 
movement of water from the land surface in areas of ground 
moraine. If they are common, they may in some places control 
the local effectiveness of the till as an artesian confining layer.
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Artesian water has been obtained in several parts of the agri­ 
cultural area by wells that pass through till into permeable sand 
and gravel (fig. 4). The sections in plate 3 show that the thick­ 
ness and form of the till near Palmer are irregular. The till was 
evidently laid upon an irregular surface; the variations in its 
thickness and in the shape of its upper surface are probably due 
both to irregularity of the original deposit and to later outwash 
stream erosion. Locally the water table in the overlying sand 
and gravel differs considerably from the pressure surface of the 
deeper artesian water. In some depressions on the buried till, the 
water table may be lower than the pressure surface. In some 
places where the till is close to the land surface, as about a mile 
north of Palmer, the water level in gravel above the till is rela­ 
tively close to the land surface.

Springs issuing from till are small. Seepage from thin sand 
layers in till may be seen in the east bluff of the Matanuska River 
about half a mile north of the highway bridge. Some seeps may 
derive their water from more permeable till present locally just 
beneath the land surface. The flow of water from seeps observed 
by the writer is not sufficient for more than small supplies, but it 
presents a drainage problem in some places where the till is to be 
excavated.

The yields of wells in till are small at best, and because of 
recurring dry years most of the wells are probably inadequate 
from time to time over a period of years. The Cook well (338) 
yielded about 50 gpd in 1949 but has been dry since the dry sum­ 
mer of 1950. The Kibbe well (586) yielded 150 gpd for some 
time after it was dug in 1949, but later proved to be unreliable 
and was replaced by a drilled well. A Geological Survey test well 
(3) was pumped steadily at a rate of 30 gph over a 3-hour 
period with a drawdown of 19 feet, but it seems unlikely that this 
rate could have been maintained for a long period. Water levels 
in some wells in till recover slowly; an extreme example is the 
old Bradley well (607), a large-diameter dug well, in which the 
water level required 7 days to recover after 250 gallons had 
been pumped in 45 minutes.

Although the till is not a good water-bearing material, the de­ 
velopment of ground-water supplies from it must be considered 
because of the need for water supply in areas of ground moraine 
already settled and because of possible future needs in such 
areas that are arable.
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OUTWASH SAND AND GRAVEL,

GENERAL OCCURRENCE

In the Matanuska Valley agricultural area, the coarser and 
cleaner materials, including sandy gravel, gravel, and part of the 
sand in the outwash deposits, are good water-bearing materials. 
Most of the wells in the area tap these materials. Finer grained 
and "dirtier" materials that are also part of the outwash de­ 
posits, chiefly silty gravel and fine silty sand, do not form highly 
productive aquifers. See figure 2.

Ground water is present under water-table conditions in a 
large part of the agricultural area. The form of the water table 
in the eastern part of the agricultural area is shown by figure 5. 
Piezometric-surface contours are shown for a similar area by 
figure 6. The water table and piezometric surface do not coin­ 
cide, although they are close in many places. Both these maps are 
based on measurements made over a period of years, but the 
probable fluctuations of the water levels are much less than the 
contour interval used, and the general forms of the water table 
and piezometric surface are considered to be those shown by the 
contours.

Apparent irregularities in the form of the water table in many 
places are due in part to the presence of relatively impermeable 
material. Ground water that appears to be semiperched (that is, 
it has greater pressure head than an underlying body of ground 
water, although it is not separated from that body by unsatu- 
rated rock as would be true of perched ground water) has been 
found in several localities and probably is fairly common in the 
agricultural area. In other places where impermeable material 
is present, holes that reach the assumed level of the general 
water table are reported to have been dry.

In several wells (339, 340, 341, 342, 344, 345, 346, and 350) 
about a mile north of Palmer, semiperched water in the gravel and 
sand near the surface, or in the upper part of the underlying till, 
stands considerably higher than water in several deeper wells 
nearby that pass through the till or that do not penetrate it. East 
and southeast of Bodenburg Butte the depth to water in the 
Brown (42), Rippy (43), and Bastian (44) wells was 28 to 35 
feet. In other wells less than a few hundred feet to the west and 
southwest (Kirk, 45, 47; Gallagher, 46), the static water level is 
53 to 58 feet below the surface; several bodies of semiperched 
water were reported in well 46, one of them at 34 feet. It seems 
likely that all these wells reached or passed through the same 
body of semiperched ground water. The impermeable layer be-
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neath the water may be stream-laid silt such as may be seen in 
abandoned channels in the modern flood plains in this area.

Several holes were reported (Max Sherrod, Palmer, oral com­ 
munication, 1951) to have been dug near the railroad north of 
Palmer and south of the Matanuska River. One near the railroad 
curve obtained water, but the others reached till within a few 
feet of the surface and were dry. Several shallow dug wells in 
Wasilla penetrated a layer of till or till-like material as much as a 
few feet thick at about the level of the water table; those that 
did not obtain water above the impermeable layer were continued 
through it to water-bearing gravel beneath. Three wells (Nelson, 
103; Brewer, 104; and Sandvik, 105) south of Bodenburg Butte 
are 93 to 112 feet deep, although the water table here, as in 
nearby wells to the east and south, is about 50 feet below the sur­ 
face. The logs of wells 103 and 104 record gravel without giving 
any reason why the wells were drilled farther below the water 
table. Well 104 is reported originally to have obtained an in­ 
sufficient supply of water at 47 feet. Well 105 is reported to have 
penetrated gravel (dry?) and finally 10 feet of clay before reach­ 
ing water-bearing gravel at 92 feet. It seems likely, on the basis 
of these data, that much of the material penetrated by these 
wells consists of a relatively impermeable river deposit such as 
interbedded sandy gravel and silt or clay. The water-bearing 
material originally found at 47 feet in well 104 is evidently not 
sufficiently permeable to permit the continued flow of water to 
the well at a rate of perhaps a few hundred gallons per day. 
Other wells nearby reach permeable gravel at the water table, 
and the consistent water levels indicate that all the wells, deeper 
and shallower, are probably interconnected hydraulically.

Some lakes and marshy tracts in areas of ground moraine ap­ 
pear to be held up by the till. Deposits of sand and gravel which 
rest on till beside the lakes also contain water that'may be above 
the general water table.

Near several small streams that flow across gravel deposits, the 
water table stands many feet lower than the beds of the flowing 
streams. In a preliminary report (Trainer, 1953, p. 15) the 
writer,concluded, on the basis of data from available wells, that 
these streams were probably perched. Records were later ob­ 
tained for new observation wells near the mouth of Palmer 
(Bodenburg) Creek, north of the Knik River, and water-table 
contours were constructed for several periods during and after 
the annual flood of Knik River (fig. 3). Water from the river 
moves into the ground during the rising stage, both directly from
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the river and from the lower, flooded reaches of the creek, and 
the normal ground-water gradient (toward the river) is reversed 
near the streams for a few days. Hydrographs of four observa­ 
tion wells (58g, 58m, 59, and 60) near the river show rapid 
fluctuations of water levels that correspond to those of the 
river. Chemical analyses of river and ground-water samples col­ 
lected during and after the flood show (G. W. Whetstone, U.S. 
Geological Survey, written communication, 1955) temporary 
changes in the chemical quality of the ground water at all four 
wells; these changes indicate that river water moved into the 
aquifer at least as far as from the river as well 58g (fig. 3). No 
change in chemical quality was found in samples from more dis­ 
tant observation wells, and the rise in water levels observed there 
is attributed to the damming effect of the river and perhaps to 
increased infiltration from backwater in the creek. Data ob­ 
tained from the hydrographs (time lag and stage ratio for the 
crest in each well relative to that in the river) were used to calcu­ 
late the water-transmitting capacity of the aquifer according to 
a method described by Ferris (1951). The value obtained (a 
transmissibility of several million gallons per day per foot) is 
considered inconsistent with the character of the aquifer. It is 
concluded that the equations are not applicable in this situation 
because the water moves into the aquifer from two directions 
and because the edge of the river moves toward the wells during 
the rising stage of the flood.

In three other wells (Kircher and Menk, 412; Curtis, 424; and 
Carson, 576) the water table is lower than the beds of nearby 
streams, but the data are not sufficient to show whether the 
streams are perched at these localities or whether the water ta­ 
ble merely slopes steeply away from them.

Discharge measurements were made at three stations on Wa- 
silla Creek by W. H. Sherman (535 Eng. Det. Terrain, Army Map 
Service, U.S. Army, written communication, 1956), during a 
brief period on June 11, 1955. The stations are at the bridge on 
the Palmer-Fishhook Road northwest of Palmer, near the Palmer- 
Wasilla Road west of Palmer, and at the Matanuska-Wasilla 
Road west of Matanuska. The computed discharge rates at these 
stations for the time of measurement are 40, 43, and 56 cubic 
feet per second, respectively. These data, together with available 
well records (412 and 424, cited above, and Kyger, 297, where the 
water table is close to the level of the stream), suggest that 
Wasilla Creek is losing water to the ground in part or much of 
the reach upstream from well 424 (about a mile south of the
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August 8, 1966, 2:30-3:30 p. m 
(about 5 houra before ri 
crested at 52.14 feet)
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FIGURE 3. Maps showing fluctuations of the water table near the Knik River during and after
the annual flood of the river.

Palmer-Wasilla Road) and receiving water from the ground in 
part or much of the reach downstream from well 424.

The relatively high permeability of the sand and gravel just 
beneath the land surface facilitates waste disposal. Sewage from 
the city of Palmer is discharged into the Matanuska River, but 
disposal of waste elsewhere in the area is commonly underground.
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Sand and gravel buried beneath till are important water-bear­ 
ing materials in much of the agricultural area. The wells that 
tap these buried outwash deposits commonly obtain artesian wa­ 
ter. Most of these wells are northwest of Palmer, but others are 
widely distributed to the west and southwest (fig. 4).

With the exception of a few seeps and springs from till and 
from bedrock, all the springs seen by the writer flow from sand 
or gravel. These springs are of two types, those at the contact 
of saturated gravel and underlying till and those situated where 
the general water table meets the land surface, as along the base 
of the bluff near the community of Matanuska.

Most of the wells in the agriculture area, and nearly all those 
that produce more than about 200 gpd, obtain their water from 
outwash sand and gravel. There is no reason to doubt that the 
yields of wells in sandy gravel in the agricultural area can be 
substantially increased by the use of well screens and proper de­ 
velopment practices, provided the wells penetrate a sufficient 
thickness of saturated material.

ARTESIAN CONDITIONS NEAR PALMER

Sand and gravel beneath till north and west of Palmer yield 
water to many of the wells in this part of the agricultural area. 
Plate 3 shows the places where the till cover is known to be pres­ 
ent. Although the wells are widely spaced they suggest that the 
till sheet is more or less continuous over a considerable area. The 
section in plate 3 shows the irregularity of the form of the till 
sheet and of the upper surface of the buried sand and gravel.

The maximum thickness of the aquifer is not known. An aban­ 
doned Alaska P-iral Rehabilitation Corporation well (near well 
305; see log, table 4) penetrated buried till, an underlying gravel, 
and a deeper deposit thought to be an older till that rests on 
bedrock. The gravel is 97 feet thick but may not be the same unit 
as the water-bearing gravel penetrated by most of the wells 
shown in plate 3. It may be either a remnant of still older out- 
wash gravel left by erosion and later buried, or interbedded gravel 
and till ("cemented gravel"). Great difficulty has been experi­ 
enced in obtaining water from these deeper deposits in this 
vicinity (see records of wells 305 and 306a), and several unsuc­ 
cessful holes were drilled here during the initial period of coloni­ 
zation in 1935-36.

The thickest deposits of gravel penetrated by successful wells 
are 58 and 51 feet thick, in wells 363a and 363 respectively, and
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Lake
Showing altitude of water surface 

30O         

Water-table contour 
Dashed where indefinite. Contour in­ 
terval 50 feet. Datum is mean sea level

FIGURE 5. Map showing altitudes of water levels in wells and contours on the water table in
Palmer and vicinity.

there is no indication in the logs that either well reaches the base 
of the aquifer. Most other wells here, as elsewhere in the agri­ 
cultural area, were drilled only deep enough to reach stable satu­ 
rated material and do not penetrate such material more than a 
few feet.

Wells 360a, 362, 363 and 363a obtain water from fine to medium 
sand. The logs of most of the other artesian wells record gravel, 
but probably the material is sandy gravel or pebbly sand in most 
places.

Two pumping tests were made to determine the hydrologic 
characteristics of the aquifer near the Palmer municipal wells,

510Z57 O -60 -4
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the only high-capacity wells in this part of the agricultural area. 
Well 363 was pumped for 5 days at the rate of 76 gpm, and fluc­ 
tuations of the water level were measured in well 363a. Well 
363a was later pumped for 6 days at 93 gpm, and well 363 was 
used as an observation well. Two additional wells (364 and 365) 
were observed during each test, but the data obtained are incon­ 
clusive, possibly because of lag in water-level changes, and were 
not used in the analysis of the pumping tests.

The effectiveness of a water-bearing formation as an aquifer 
may be described in terms of the coefficients of transmissibility 
and storage. The coefficient of transmissibility (Theis, 1935, p. 
520) is a measure of the total permeability of the part of the 
aquifer sampled during the test; it is expressed in gallons per 
day transmitted through a 1-foot strip that extends the height of 
the aquifer, under a hydraulic gradient of 1 foot per foot, at 
the prevailing temperature of the water. The coefficient of stor­ 
age is the volume of water the aquifer releases from or takes 
into storage per unit surface area of the aquifer per unit change 
in the component of head normal to that surface.

These coefficients were computed2 by means of a logarithmic 
"type-curve" solution of the Theis nonequilibrium formula (Wen- 
zel, 1942, p. 88-89). The test data were also plotted to give the 
semilogarithmic ("straight-line") solutions of the nonequilib-

TABLE 2. Coefficients of transmissibility and storage determined from 
pumping tests of the artesian aquifer near Palmer

Pumped
well

363 

363

363a

363a

363a 

363a
363a

Obser­ 
vation 
well

363a 

363a

363

363

363 

363a
363a

Type of test

Drawdown, observation 
well. 

..-..do...... ..........

.....do... .............

Recovery, observation
well. 

Drawdown, observation 
well.

Drawdown, pumped well
Recovery, pumped well

Type of 
solution

Type-curve method
(Theis).

(Cooper and 
Jacob).

(Theis). 
. ....do. .-.-.------

Straight-line method 
(Cooper and 
Jacob).

. ..._dO-. ---------
Straight-line method 

(Theis).

Coefficient 
of trans­ 

missibility 
(gpdper 

foot)

7,900 

4,200

11,000

10,000

4,700 

6,000
6,000

Coefficient 
of 

storage

0.00059

.00054

.00048

2 Computations for the test of well 363 were made by D. J. Cederstrom of the Geological Survey.
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rium formula described by Theis (1935, p. 522) and by Cooper 
and Jacob (1946).

The nonequilibrium formula is based upon several assump­ 
tions: the aquifer is homogeneous, its properties are similar in 
all directions, and it is of infinite areal extent; the discharge 
well is of infinitesimal diameter and penetrates the entire thick­ 
ness of the aquifer; the coefficient of transmissibility is constant 
at all times and places; and water taken from storage by the de­ 
cline in water level is discharged instantaneously with the decline 
in head. These assumptions, which were necessary for the de­ 
velopment of the method, are only partly satisfied by wells and 
aquifers. In some places natural conditions are so different from 
these ideal conditions that the analytical method may not be 
applicable.

Wells 363 and 363a are 208 feet apart. The parts of the aqui­ 
fer sampled by the two tests are, therefore, not identical; they 
may be thought of as overlapping cylinders whose altitudes equal 
the thickness of the aquifer, and which eventually became sev­ 
eral thousand feet wide. The area (in plan) of overlap of the 
two cylinders was small relative to the total area sampled during 
the early parts of the tests, but became nearly the whole sample 
area in the later parts of these 5- and 6-day tests. The computa­ 
tions by the type-curve method (a comparison of the observed 
drawdown-time curve with an ideal curve) are based on the initial 
21 to 33 minutes of the tests. The difference in computed trans­ 
missibility values 7,900 gpd per foot for one test and 11,000 gpd 
per foot (drawdown) and 10,000 gpd per foot (recovery) for the 
other is thought to represent differences in the character of the 
aquifer near the two wells. The aquifer has a higher transmis­ 
sibility near well 363a than near 363, which seems reasonable 
because of the coarser material reported by the log of well 363a. 
(See table 5.) The three values of the coefficient of storage range 
from 0.00048 to 0.00059, and are considered to be of the same 
order of magnitude.

The physical significance of the coefficient of transmissibility 
may be illustrated as follows: The coefficient of transmissi­ 
bility is an index of the natural rate of ground-water movement 
in the part of the aquifer sampled. Darcy's law, a fundamental 
hydrologic relationship which states that the rate of flow of a 
fluid through a porous medium is directly proportional to the 
hydraulic gradient, can be written (Stuart and others, 1954, p. 
59) in the form 

Q=TIW
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where, in the units commonly used in the Geological Survey, Q 
is the quantity of water, in gallons per day, T is the coefficient 
of transmissibility, in gallons per day for each vertical strip of 
the aquifer 1 foot wide; / is the hydraulic gradient, in feet per 
foot; and W is the width in feet (perpendicular to the direction 
of flow) of the strip of aquifer through which the quantity Q 
flows. If the coefficient of transmissibility and the average piezo- 
metric-surface slope are known, the average rate of flow of the 
ground water under natural conditions can be determined. For 
example, if the coefficient of transmissibility near the two wells 
tested is taken as 7,900 gpd per foot and the hydraulic gradient 
as 80 feet per mile (=0.015 foot per foot; estimate based on fig. 
6), then the flow of water through the aquifer under nonpumping 
conditions is

Q=7,900 gpd per footXO.015 feet per footXl foot=120 gpd 
through each vertical strip of the aquifer 1 foot wide.

Where several observation wells are used, it may be possible 
to locate discontinuities in the character of the aquifer. Data 
from the tests described above are not sufficient to locate discon­ 
tinuities, or boundaries, but do show that they are present. The 
values of the coefficient of transmissibility determined by the 
straight-line method range from 4,200 to 6,000 gpd per foot. The 
data from which these values are computed were obtained later 
in the tests (after 100 minutes), however; so that these values 
are not comparable with those determined for earlier parts of 
the tests by the type-curve method. Changes in the type-curve 
graphs and in one straight-line graph represent changes in the 
form of the cone of depression produced by the pumping. In­ 
crease in the rate of drawdown shows that the sides of the cone 
were steepening, which in turn shows that somewhere water was 
moving into the cone more slowly. Such a hydrologic change in 
this glacial-outwash aquifer may reasonably be explained by any 
of several changes in its geology: changes in aquifer thickness 
at some distance from the wells; intercalation of less permeable 
beds, reducing the effective thickness of the aquifer; lateral 
changes in the permeability of the sand and gravel; or the pres­ 
ence of one or more 'barriers to the flow of water, such as a till or 
bedrock wall of an,outwash channel, with or without changes in 
the character of the aquifer in other directions.

Any or several of these factors may affect the aquifer in the 
area near Palmer. Most wells do not penetrate this aquifer 
deeply, and their logs do not describe it in detail. However, what 
is known of the geology suggests that the observed hydrologic
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changes are due in part to changes in the thickness and composi­ 
tion of the aquifer, and perhaps in part to the buried bedrock 
(pi. 2 and pi. 3) that delimits the aquifer near Palmer.

Figure 7 shows fluctuations of water levels in wells 364 and 
365, which are 1,200 and 1,800 feet, respectively, from the Palmer 
municipal wells. The decline in water levels in August 1953 is 
due to one of the pumping tests and to emergency pumping by 
the city immediately after the test. The fluctuations between late 
September 1953 and early 1956 occurred during essentially con­ 
tinuous pumping at an average rate estimated to be about 100,000 
gpd. Records maintained by the city of Palmer show that from 
November 1954 to September 1955 the average daily pumpage 
was 105,000 gallons. The graphs suggest that equilibrium of 
discharge and recharge had been attained. The water-level fluc­ 
tuations after the initial steep decline appear to represent sea­ 
sonal changes in the aquifer, like those recorded by the other 
graphs in figure 7. Computations using the water-level data for 
wells 363 and 363a and two measurements in well 398, 1,200 feet 
from the Palmer wells, suggest that the transmissibility of the 
part of the aquifer sampled by the 28-month period of pumping 
is somewhat higher than the 11,000 gpd per foot indicated by one 
test for the part of the aquifer very near well 363a. Because ad­ 
ditional suitable observation wells were not available for this 
study and because there is little supplementary information from 
well logs regarding the aquifer as a whole, the computed trans­ 
missibility values should not be assumed to represent the aquifer 
at any locality; they are averages for the parts of the aquifer 
sampled; and there may be many places where the water-trans­ 
mitting capacity of the aquifer is considerably greater or less 
than these averages. The discontinuities in aquifer charac­ 
teristics indicated by the pumping tests, together with the avail­ 
able geologic data, show that the aquifer departs somewhat 
from the ideal assumed for analysis of the test data but not 
sufficiently to prevent use of the method.

It is difficult to compare this aquifer with others described in 
the literature because the available data permit only an approxi­ 
mation of its character. If, for purposes of illustration, the thick­ 
ness of sand and gravel recorded by the log of well 363a, 58 feet, 
were taken as the average thickness of the aquifer in the area 
tested, and 7,900 gpd per foot as its transmissibility in this area, 
then the average coefficient of permeability, expressed in gallons 
per day transmitted through a cross-sectional area of 1 square
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foot, under a gradient of 1 foot per foot, corrected to 60° F. 
(Wenzel, 1942, p. 62), would be

7,900 gpd per foot
X 1.41 = 190 gpd per square foot.gf

By way of comparison, one may cite Meinzer's statement (1936, 
p. 710) that the Carrizo sand in the Winter Garden region of 
Texas, where it has a coefficient of permeability of about 200 
gpd per square foot, is an average example of a moderately pro­ 
ductive aquifer.

Most of the wells that penetrate the aquifer near Palmer are 
household or farm wells that were not developed to yield large 
supplies of water. The two wells (363 and 363a) drilled for the 
city of Palmer are capable of producing moderately large quan­ 
tities of water. During the pumping tests described in preced­ 
ing paragraphs the drawdown in well 363 after 5 days of 
pumping at the rate of 76 gpm was 40 feet; this represents a 
specific capacity of 1.9 gpm per foot of drawdown. The draw­ 
down in well 363a, after 6 days of pumping at 93 gpm, was 62 
feet; the specific capacity was thus about 1.3 gpm per foot of 
drawdown. Part of the observed drawdown in each well is due 
to friction at the screen openings, and part is due to the fact 
that the wells are screened opposite only part of the aquifer. 
Well 363a was later reconstructed with a 20-foot 40-slot screen, 
in place of the 20-foot 10-slot screen originally used. After de­ 
velopment the well then produced 100 gpm with 37 feet of draw­ 
down for a specific capacity of 2.7 gpm per foot of drawdown. 
The well is thus twice as effective with the coarser screen, which 
reduces entrance loss due to friction.

Piezometric-surface contours (fig. 6) show that ground-water 
movement in this artesian area is from the north and north- 
northwest. The source of the water that recharges the aquifer 
is, therefore, in that direction. The wells on which the contours 
are based are too widely spaced to rule out the possibility that 
part of this recharge takes place locally through gaps in the till 
sheet caused by the combined effects of glacial deposition upon 
an irregular land surface and later melt-water erosion. Even if 
no gaps interrupt the till sheet, part of the recharge probably 
occurs by percolation of water through thin or sandy parts of 
the till. Such percolation could occur only where the water table 
above the till stands higher than the piezometric surface of the 
water confined beneath it.
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ARTESIAN CONDITIONS NEAR THE AGRICULTURAL EXPERIMENT STATION

The greatest concentration of artesian wells (fig. 4), outside 
the area near Palmer described in the preceding section, is near 
the Agricultural Experiment Station.

The logs of 15 wells near the Experiment Station record till or 
till-like material (possibly including lake sediments). Till crops 
out at the land surface about 1.7 miles west-southwest of the 
station (pi. 1) in hills that stand above stream terraces. To the 
east the till is buried beneath sand and gravel. Wells 445a and 
445c, at the Experiment Station, passed through two till sheets 
and reached a third. The uppermost till is a continuous sheet 
near the Experiment Station, where artesian water from be­ 
neath the till stands nearly 30 feet higher in wells than the un- 
confined water above the till. The second till is continuous near 
wells 445a and 445c; a 5-day pumping test, during which water 
was withdrawn from the aquifer beneath the second till, ap­ 
peared not to affect the water level in the artesian aquifer above 
this till. The thickness and probable extent of the lowermost till 
are not known. Interbedded till and outwash material found be­ 
low 284 feet in well 445c are considered part of a single sedi­ 
mentary sequence because the sorted material is part of the 
thick aquifer penetrated by both wells. Well 445a, which was 
drilled first, also might have penetrated this interbedded sequence 
if it had been drilled deeper.

All the aquifers penetrated by these wells are composed pre­ 
dominantly of fine to medium sand. Chunks in the drill cuttings 
show that in places finer material is present as silt and clay 
laminae in clean sand. Probably much of the sand itself is 
silty, however. Numerous pebbles were found in the sand, but 
only a few beds of clean gravel or sandy gravel were found, and 
they are thin.

The logs of other wells near the Experiment Station are dif­ 
ficult to interpret and hence to correlate. (See discussion in sec­ 
tion on "Geology.") The drillers' descriptions and a comparison 
of the logs suggest that many of the wells penetrated till. At 
other wells the till cannot be identified in the logs with confi­ 
dence ; it may be absent. Probably the apparent complexity of the 
stratigraphy is due both to irregular deposition and to later 
melt-water erosion. The relatively complex history implied is not 
surprising because this area has probably been overridden al­ 
ternately by both Matanuska and Knik ice and because it may 
have been covered at one or more times by standing water.

Well 445 a was pumped for 5 days at an average rate of 142
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gpm; changes in water levels were measured in it, and also in 
wells 445c and 445b, which penetrate the same and the shallower 
artesian aquifers, respectively. Drawdown-time data for well 
445c, 99 feet from the pumped well, were used in a graphical so­ 
lution of the Theis nonequilibrium formula; the computed coef­ 
ficient of transmissibility is 33,000 gpd per foot and the coef­ 
ficient of storage, 0.00035. These coefficients were determined 
also from the same data by means of the straight-line method; 
the values are 38,000 gpd per foot and 0.00044 respectively. Both 
graphs show boundary effects. (See p. 45.) The computed 
coefficient of transmissibility suggests a moderate permeability, 
but calculation of an average coefficient of permeability from 
the coefficient of transmissibility and the observed thickness of 
the aquifer is meaningless because of the complex stratigraphy 
and the observed hydrologic discontinuities. Wide departure of 
the plotted drawdown-time data from the ideal (type) curve sug­ 
gests that a decrease in the water-transmitting capacity of the 
aquifer, beginning perhaps about 1,000 feet from the test-well 
site, is due to a gradual and continuing change in the aquifer 
rather than to a simple barrier such as the wall of a buried stream 
channel. This presumed change might be due to one or more 
factors, such as thinning of the aquifer, intercalation of till or 
clay beds with the sand and gravel, or gradation of the sand and 
gravel into finer and more silty sand. Any of these possibilities is 
considered reasonable on the basis of available data.

The observed drawdown in the pumped well after 5 days of 
pumping at 142 gpm was 64 feet. At that time the pumping level 
was declining at a rate that would have given a drawdown of 77 
feet after 30 days of pumping at 142 gpm, and 84 feet after 60 
days.

In the vicinity of the Experiment Station, the artesian water 
moves southward, and the recharge area is therefore north of the 
station. Because the head in the upper artesian aquifer at the 
station is 9 to 10 feet higher than that in the deep aquifer (wells 
445b and 445c), it seems likely that recharge to the deep aquifer 
is by flow from the upper artesian aquifer, perhaps at places 
where the till sheet between them is thin or relatively perme­ 
able. Recharge of the upper artesian aquifer is probably from 
the unconfined ground water near the land surface, at places 
where the water table stands higher than the piezometric sur­ 
face and where the upper till is missing or relatively permeable. 
The water-table aquifer is replenished by water from precipita­ 
tion which percolates downward from the land surface.
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The unconfined ground water near the Experiment Station dis­ 
charges naturally through springs into lakes in the pitted and 
terraced outwash deposits and into streams along the base of 
the bluff that overlooks Knik Arm. Well logs suggest that the 
youngest till is absent locally near the bluff; water from the 
shallower artesian aquifer therefore may discharge in part di­ 
rectly to streams at the base of the bluff, as well as in part to the 
water-table aquifer. The top of the deeper artesian aquifer is 
about 80 feet below sea level at the Experiment Station and may be 
deeper at the bluff. (See log of well 447; the top of what appears 
to be the deeper aquifer is at 250 feet, or 124 feet below sea 
level.) A hole drilled at the community of Matanuska is reported 
(Bruce Cannon, Alaska Railroad, oral communication, 1955) to 
have penetrated estuarine silt and clay to a total depth of 200 
feet, or about 175 feet below sea level, without reaching the base 
of the formation or obtaining fresh water. It seems likely, on the 
basis of the few data available, that estuarine deposits fill an 
eroded trough beneath Knik Arm and its adjacent flats and that 
discharge from the deeper confined aquifer near Knik Arm is by 
upward leakage at some place between the Experiment Station 
and the dam of estuarine material at the bluff. Such leakage 
could occur only at places where the till is absent or relatively 
permeable and where the head of the leaking water is higher 
than that of the water in the shallower aquifer. The water level 
for what appears to be the deeper artesian aquifer, in well 447, 
stands 52 feet above sea level, or apparently somewhat above the 
level of the water in the shallower aquifer there.

WIND DEPOSITS

The windblown silt and sand which mantle glacial drift in the 
agricultural area is nearly everywhere above the water table, but 
the deposit is of hydrologic importance because it permits ready 
infiltration of precipitation when the ground is not frozen.

Studies of the soils in the agricultural area (Neil Michaelson, 
Alaska Agricultural Experiment Station, oral communication, 
1955) show that the silt has a porosity as high as 50 to 60 per­ 
cent. Field tests made by the writer with a variable-head per- 
meameter of the type described by Wenzel (1942, p. 64-65) show 
that for downward flow the permeability of the windblown sand 
is comparable to that of much of the outwash sand. The silt 
(loess) is much less permeable but transmits water readily. The 
results of the tests, expressed in meinzers (gallons per day
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through a cross-sectional area of 1 square foot under a hydraulic 
gradient of 100 percent, at 60° F) are as follows:

Outwash sand, 6 samples, 50 to 3,400 
Dune sand, 4 samples, 90 to 190 
Compact loess, 3 samples, 0.7 to 1.0

Much of the loess, particularly near the land surface where it 
contains considerable plant debris and is very porous, is much 
more permeable than these data indicate. During irrigation ex­ 
periments conducted at the Alaska Agricultural Experiment Sta­ 
tion (Michaelson, 1956, p. 1) water was sprinkled on pasture 
land at a rate of 0.5 inch per hour for periods of 1 to 2 hours with­ 
out surface runoff.

Small perched or semiperched bodies of ground water occur in 
windblown sand and silt on the Holtet property (well 275), near 
the Matanuska bluff about 4 miles north of Palmer. The water is 
present only in ice-block depressions. The impermeable layer 
that retains the water is thought to be silt deposited in a pond in 
the depression during melting of the ice. Ground water has not 
been reported in windblown material elsewhere in the agricul­ 
tural area.

SUMMARY OF GROUND-WATER CONDITIONS IN PHYSIOGRAPHIC
UNITS

In an earlier report (Trainer, 1953) the agricultural area was 
divided into several physiographic units in order to facilitate de­ 
scription of ground-water conditions. The differences in the land 
surface in these units reflect major differences in geology, which 
in turn produce different hydrologic conditions in the several 
units. The physiographic units are shown in figure 1. They are 
not formal subdivisions, and geographic names are applied to 
them only for convenience of reference in this report.

LAZY MOUNTAIN (UNIT 1)

The western slope of Lazy Mountain and the tract that extends 
westward from it to the Matanuska River (hereafter termed "the 
lower slope") constitute physiographic unit 1.

Talus and frost-disturbed deposits on the higher slopes and al­ 
luvial fans at intermediate levels are of some importance in 
regulating the flow of small streams because they permit ready 
infiltration of water from the surface. Most of the stream water 
probably comes from the unconsolidated material, but part of it 
may flow to the streams after temporary storage in fractured
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bedrock beneath the higher slopes. Seeps occur along the lower 
edges of the alluvial fans where the underlying till appears at the 
surface.

The lower slope, more than half the unit, consists of ground 
moraine or of terraces cut into it. Much of the ground-moraine 
section of this tract is poorly drained. Wells in the till (3, 4, 5, 
and 6; and several dry holes, including one 50 feet deep about a 
quarter of a mile north of well 3) have ranged from unsuccessful 
to moderately successful. It seems unlikely that more than mod­ 
erate water supplies can be obtained from the till. The aquifers 
are sandy layers in the till and slightly permeable till at the land 
surface. Springs are few and generally small, but seeps on the 
hillside overlooking the lower country south of unit 1 affect 
excavation work in some places.

Several terraces indent the ground moraine in the triangular 
tract between the Matanuska river and Wolverine Creek. The 
land surface is in general well drained. The terraces are under­ 
lain at shallow depth by bedrock at several places along the 
Matanuska River and Wolverine Creek. In wells 1 and 2 coarse 
gravel, 18 and 10 feet thick, respectively, rests on till. On the 
basis of analogy with terraces elsewhere in the agricultural area, 
the writer believes that till is commonly near the surface in all 
the terraces here and that the gravel cover on each probably 
represents the load of gravel normally in transit downstream on 
an outwash flood plain. Nonetheless, this terraced tract is con­ 
sidered the most promising part of unit 1 for the development of 
ground-water supplies. The most successful wells would prob­ 
ably be in places where depressions or channels in the surface of 
the buried till contain greater-than-average thicknesses of satu­ 
rated gravel (there appears to be no surface indication of such 
places, if they are present), and near the centers and inner edges 
of the terraces where low mounds of ground water may be built 
up by water from precipitation.

It has been suggested in another section of this report that the 
thick till at Lazy Mountain Childrens Home represents two units 
or more. If the 20-foot aquifer penetrated there by well 4 is an 
isolated mass of sand and gravel similar to that which composes 
the artesian aquifer near Palmer, it is possible that other parts 
of the same deposit, possibly more extensive than the aquifer in 
well 4, also are buried by till in unit 1. However, there appears 
to be no way of testing this possibility by ordinary surface 
methods.
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BODENBURG TERRACE AREA (UNIT 9)

The land surface in most of physiographic unit 2, which is the 
tract between the Matanuska and Knik Rivers and the moun­ 
tains to the east, is underlain by stream-laid sand and sandy 
gravel. Bodenburg Butte and smaller hills of bedrock, and a few 
hills of till (pi. 1), protrude through the stream deposits. The 
land surface slopes generally southward and southwestward.

The area covered by this unit is in general well drained; to the 
southeast, however, part of the land surface is marshy. At exist­ 
ing wells the ground water is under water-table conditions. The 
water is derived from runoff from the mountains to the east, 
from precipitation upon the land surface, and from infiltration 
from the Matanuska River and Palmer (Bodenburg) Creek. 
Ground-water movement, as is shown by the water-table con­ 
tours (fig. 5), is generally southward and southwestward.

North of the bedrock hills that include Bodenburg Butte, and 
also in much of the area south of that hill, the water table stands 
close enough to the land surface to be accessible to suction pumps. 
Semiperched ground water is present near the southeast end of 
Bodenburg Butte. (See records of wells 42, 43, 44, 45, 46, and 
47.) South of this hill impermeable material near the water ta­ 
ble has locally made deeper than average drilling necessary 
(wells 103, 104, and 105). The acquisition of ground-water sup­ 
plies may be similarly complicated elsewhere in this unit, but 
nearly all the existing wells reach the water table in permeable 
sand or gravel. No large-capacity wells have been constructed in 
the Bodenburg terrace area, and the potential yield of wells is 
not known. Ground-water supplies adequate for household and 
farm use should be available nearly everywhere from the sand 
and gravel. Moreover, the fluctuation of ground-water levels dur­ 
ing and after the annual flood of the Knik River (fig. 3) indicates 
that in much of this unit the sand and gravel are readily perme­ 
able. Undoubtedly, ground-water supplies much larger than 
those now obtained could be developed from properly constructed 
wells.

Two wells (70 and 80) obtain water from bedrock. The well 
logs show that the water was found in zones rather than through­ 
out the rock; it is thought to move through fractures. The suc­ 
cess of a bedrock well here, as elsewhere in the agricultural area, 
depends on the number and size of the fractures intersected by 
the well. The quantity of water obtainable from fractured bed­ 
rock in the vicinity of Bodenburg Butte may be greater than that 
near Palmer, given comparable frequency and size of fractures,
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because of the likelihood of recharge here from the Matanuska 
River. The lake on the east end of Bodenburg Butte is spring fed, 
possibly from both the bedrock and the overlying glacial drift.

On the basis of the quantity of water available and the cost of 
its acquisition, this physiographic unit is probably the most 
favorable part of the Matanuska Valley agricultural area for the 
development of ground-water supplies.

MATANUSKA-KNIK FLOOD PLAINS AND ESTUARINE FLATS (UNIT 3)

The flood plains of the Matanuska and Knik Rivers constitute 
a considerable tract in which the water level stands within a 
few feet of the land surface. Large quantities of water could un­ 
doubtedly be developed from these alluvial deposits, but recurrent 
flooding renders settlement of such areas unwise. The commu­ 
nity of Matanuska is said to have been abandoned because of 
flooding by the Matanuska River.

Estuarine silt and clay underlie the stream deposits near the 
community of Matanuska and are known to extend to a depth of 
at least 200 feet. Stream deposits may be interbedded with the 
silt and clay at depth upstream (to the east), but the likelihood 
of finding gravel and fresh ground water by drilling at Mata­ 
nuska or farther west is poor. Water has been found at shallow 
depth in gravel that underlies estuarine deposits at the Eklutna 
CAA station, south of Knik Arm near Matanuska, but the gravel 
appears to be a relatively thin creek-fan deposit of only local 
significance, and the water in it is brackish at high tide.

PALMER TERRACE (UNIT 4)

This unit consists chiefly of the extensive terrace on which 
Palmer is situated. Smaller, lower terraces along its eastern and 
southern edges are included for convenience. These, and a few 
low terraces on the broad surface south of Palmer, a few ice-block 
depressions, and a few bedrock hills, provide local relief of a few 
feet to a few tens of feet.

East and south of Palmer the land surface is generally under­ 
lain by gravel and sand. In many places the near-surface ma­ 
terial is coarser than that below it. The subsurface data available 
suggest that in general the alluvium is chiefly sandy below a 
depth of 30 to 50 feet. The logs of 11 wells record material that 
may be till, but elsewhere east and south of Palmer wells pene­ 
trated only sand, gravel, and (in a few places) bedrock.

Farm wells south of Palmer have generally been successful. 
The water stands below the limit of suction lift; it is commonly
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75 to 100 feet below the surface near Palmer but stands nearer 
the surface farther south. The water table slopes generally south­ 
ward. The water-table contours (fig. 5) showing a dominantly 
downvalley movement suggest that much of the recharge occurs 
by influent seepage from the Matanuska River at times of high 
water. However the altitudes of reported water levels in the area 
1 to 2 miles south of Palmer suggest the presence of a low mound 
in the water table in the middle of the terrace, which would 
indicate recharge from the land surface. Natural discharge of 
the ground water occurs through seeps and springs at the base 
of the bluff along the southern edge of unit 4.

Because much of the alluvium below the water table is sand 
that tends to become quick during drilling or pumping, many 
wells were drilled a considerable distance below the water table. 
The water table in this part of the Palmer terrace probably does 
not fluctuate more than a few feet from season to season or year 
to year (fig. 7, well 185), and the records of existing wells provide 
accurate information concerning the depth to water at nearby 
localities. However, the depth to which a well will have to be 
drilled at any locality, to reach a stable part of the aquifer, can­ 
not be determined before drilling. Subsurface data suggest, how­ 
ever, that there is greater likelihood of penetrating thick sand in 
the area of the buried bedrock valley (pi. 2) than to the east or 
west.

Because of local interest in the possibility of obtaining ground- 
water supplies .for irrigation in the Matanuska Valley agricul­ 
tural area and because of the favorable topographic conditions 
in unit 4, the availability of moderate to large quantities of 
ground water in the Palmer terrace is of potential economic im­ 
portance. Well 195, about 2 miles south of Palmer, was finished 
with a 60-slot screen (openings 0.060 inch wide) set at 110-114 
feet. After development the well was pumped at 53 gpm for 27!/2 
hours. The final drawdown was 23 feet, and the specific capacity 
of the well was thus 2.3 gpm per foot of drawdown. The screen 
openings were suitable for the upper 2 feet of the aquifer screened 
but were too large for the lower 2 feet of screen, which filled 
with sand. The water therefore moved into the well chiefly 
through a 2-foot section of the screen. The observed specific 
capacity would have been exceeded considerably if the well had 
been finished in coarse sand or gravel and the full length of 
screen utilized. Yields of 100 or more gpm probably could be 
obtained from favorable materials in the Palmer terrace by 
wells that extend far enough below the water table. The short
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test of well 195 does not justify conclusions regarding the po­ 
tential yield of this unconfined aquifer over long periods of pump­ 
ing. However, the observed specific capacity is considered rea­ 
sonable for the periods of a few weeks during which supplemental 
irrigation probably would be most desirable. The presence of 
favorable water-bearing material at any locality must be proved 
by test drilling and pumping.

Subsurface and ground-water conditions in the northern part 
of unit 4 are complex. Till is at shallow depths in some places 
north of Palmer. A bedrock hill, exposed only locally, extends 
beneath the area near Palmer. Three shallow dug wells (128, 
Bugge; 130, Felton; and 145, Thuma) obtain water from gravel 
that rests on bedrock. The water appears to be held up by the 
rock and to move along its sloping surface; farther east and 
south the water table is much deeper. Six other existing wells 
in Palmer (120, 121, 122, 123, 126, and 127) have produced small 
quantities of water. Several other wells (now abandoned and 
filled) dug by individuals in Palmer are reported to have been 
successful, and during establishment of the agricultural colony 
four successful colony wells, 37 to 46 feet deep, were constructed 
in gravel. Five other holes drilled in Palmer for the colony, ending 
in gravel, till(?), or bedrock, were "dry holes." Two wells (146 
and 147, Thuma) recently drilled into bedrock south of Palmer 
obtained small quantities of water of good quality. (See table 
3, well 147.) Among other wells drilled for the colony in Palmer 
one which reached bedrock at 72 feet is reported (ARRC log) to 
have obtained "sulfur water" at 121 feet; two (135 and 144) ob­ 
tained salt water; and two others, probably in Palmer, also ob­ 
tained salt water. Of the four wells which yielded salt water, 
three reached it at altitudes of 140 to 160 feet above sea level. In 
the old slaughterhouse well (144) salt water was first reported at 
a depth of 569 feet, or about 300 feet below sea level. The differ­ 
ence in reported chloride content of water from wells 134 and 
135 (see well records, table 5), and the absence of salt water in 
other bedrock wells near Palmer, suggest that the highly min­ 
eralized water is of local occurrence. It probably has been 
trapped in the rock since the area was covered by marine or 
estuarine water; it is not modern salt water from Knik Arm.

Because of the wide range of conditions represented by these 
wells, it is not possible to predict the presence and quality of 
ground water in the vicinity of Palmer. New wells constructed 
there may or may not be successful, depending upon chance 
location.
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ESKA CREEK-EXPERIMENT STATION AREA (UNIT 8)

Unit 5 lies west of the Matanuska River and the Palmer ter­ 
race. The dominant surface features are eskers, pitted outwash 
deposits, and outwash terraces; all are composed of or underlain 
by sand and gravel. These outwash deposits range from a few 
feet to 100 feet or more in thickness. In most places where deep 
wells have been drilled they have penetrated buried till; most wells 
drilled through this till have obtained artesian water from sand 
or gravel beneath it. Unconfined ground water also is present at 
shallow depth in much of the unit; in some places this water is 
probably held up by the till.

There are few wells in the northeastern part of unit 5; there*- 
fore, little is known of hydrologic conditions there. The land 
surface is commonly irregular, but it is well drained because it 
is underlain by sand and gravel. Several wells near Eska Creek 
obtain shallow unconfined ground water; others (Postishek, 244; 
Murdoch, 245; James, 251a; and Estep, 251b) obtain artesian 
water from beneath till. Records of the wells near Eska Creek 
probably provide reliable information on the range of geologic 
and hydrologic conditions to be expected, although the wells are 
too widely spaced to permit detailed estimates of conditions at 
new localities. Existing wells show that sand and gravel (in part 
bouldery) along the creek is underlain by till that overlies deeper 
sand and gravel. In some places the higher sand and gravel 
evidently do not provide an adequate, continuous water supply, 
because several wells were later deepened.

Five wells (253, 255, 256, 257, and 258) between Eska and 
Moose Creeks reached or penetrated till; these occurrences, the 
surface geology here, and the known stratigraphy farther west 
suggest that most or all of this tract is underlain by till. In one 
well (Wallace, 257) the till is about 400 feet thick, although the 
writer believes that more than one depositional unit of till is 
represented. (See discussion of till under "Geology.") None of 
these wells penetrated buried deposits of well-sorted sand or 
gravel like those found near Palmer, and it is not known whether 
such deposits are present beneath the till. The meager informa­ 
tion available suggests that this part of unit 5 is not a promising 
area for ground-water development.

Southwest of the eskers and pitted deposits near Moose Creek, 
the land surface is irregular but more gently rolling; it consists 
in large part of pitted outwash terraces. Plate 3 illustrates the 
interbedding of till and outwash deposits and the distribution 
of artesian wells that pierce the till in the area north and west of

510257 O -60 -5
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Palmer. In general these wells provide water supplies adequate 
for household and farm use, although few of them were screened 
or otherwise developed to discharge more than small quantities 
of water. The Palmer municipal wells (363 and 363a),which 
were screened and developed, produce considerably larger quan­ 
tities of water.

Several wells on the Cullison property (ARRC tract 132, near 
well 305) were "dry holes" even though they penetrated sand 
and gravel to greater depths than successful wells nearby. This 
may be due to local relative impermeability resulting from slight 
cementation of the sand and gravel, or the material described as 
"cemented gravel" may be part of a sequence of interbedded gravel 
and till that is relatively impermeable. The logs of wells 306 and 
306a (W. Moffitt), which are a few hundred feet apart and near 
well 305, record dissimilar materials. The stratigraphy of the 
deposits in the vicinity of these wells is evidently irregular.

In general, the records of existing wells should offer a reliable 
guide to the kinds of subsurface conditions to be expected in the 
central part of unit 5. The till sheet is probably present in most 
of this tract. Most existing wells reached water-bearing deposits 
beneath it, although conditions near well 305, cited above, show 
that these favorable conditions are not present everywhere.

Many wells in this part of the unit obtain unconfined ground 
water from sand and gravel. As is true beneath many terraces 
elsewhere in the agricultural area, the outwash deposits here are 
relatively thin in many places. In some wells (for example, 370, 
372, 386, and 396) that reach till at depths of about 10 to 20 
feet, the water may be perched or semiperched. Surface drain­ 
age is commonly well developed in this tract, and there is usually 
no surface evidence of the presence of till at shallow depth. In 
some places (see cross section, pi. 3) the underlying till is absent 
or was eroded more deeply, and the cover of outwash sand and 
gravel is much thicker than average. Average values for the 
thickness of the outwash and of water-bearing parts of it be­ 
neath any of the terraces are therefore likely to be more mislead­ 
ing than useful. However, well records for localities near a pro­ 
posed well, on the same terrace, will generally provide a fair idea 
of the conditions to be expected.

Brasil Springs, at the bend of the Palmer-Fishhook Road about 
3 miles northwest of Palmer, provided the water supply for 
Palmer for many years. The water issues from gravel at the 
base of a small hill. It probably reaches the springs by movement 
down (southwest) a small valley which crosses the Yadon prop-
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erty (near wells 314 and 315) and in which there are two small 
lakes (pi. 1). The lakes and the nearest well (317) show that 
the water table is near the land surface. The writer believes 
that the gravel hills and the valley are probably underlain at 
shallow depth by till which holds up the water, and that the 
springs mark the intersection of the water table by a slight topo­ 
graphic depression. Spring flow is probably about 150 to 200 
gpm when the water table is at its average position. During 
the dry season of 1950 and in 1951, the flow declined so markedly 
that the existing pipeline was extended north to Carnegie Creek 
to obtain surface water.

The southwestern part of unit 5 is characterized by pitted out- 
wash deposits, and except near the Experiment Station it is 
sparsely settled. Little is known, therefore, of the ground-water 
hydrology of this part of the agricultural area. In general the 
movement of ground water here is southward, as is shown by 
the piezometric-surface contours (fig. 6) and by the occurrence of 
seeps and springs along the bluff north of the Matanuska River 
and Knik Arm. Most of these seeps and springs are small, but 
one supplied the Alaska Railroad at the community of Matanuska 
with 8,000 to 9,000 gpd in 1949. Artesian conditions near the 
Experiment Station have been considered in the section of this 
report that describes ground water in outwash deposits. The 
stratigraphy of the glacial drift is more complex here than 
farther north. Probably the composition and form of the de­ 
posits are a result of erosion and deposition by both the Mata­ 
nuska and the Knik Glaciers and by their melt-water streams; 
some of the deposits appear to have been laid down in standing 
water, probably lakes. The limited information available from 
well logs and from a pumping test (well 445a) suggest that this 
part of the agricultural area is less favorable for the development 
of ground-water supplies than many other parts of it. The pres­ 
ence of till, "mud," and fine sand require deeper than average 
drilling for many of even the small-capacity farm wells. More­ 
over, subsurface geologic conditions here change markedly over 
short lateral distances, so that the records of existing wells are 
useful chiefly in emphasizing this change rather than in indicat­ 
ing the conditions to be expected at a given locality.

LITTLE! SUSITNA RIVER-GOOSE BAY MORAINIC AREA (UNIT 6)

The Little Susitna River-Goose Bay morainic area is char­ 
acterized by extensive areas of ground moraine separated by 
gravel-floored drainage courses. The topography shows a con-
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spicuous southwestward "grain," and surface drainage is chiefly 
in that direction.

Plate 1 shows several elongate tracts of ground moraine that 
trend southwestward. In each of these tracts, till is at the land 
surface or is mantled by thin deposits of sand and gravel over 
extensive areas. Many small valleys and closed depressions con­ 
tain somewhat thicker outwash deposits; these deposits are the 
most promising sources of near-surface ground water in the 
ground moraine, although the quantities of water available are 
probably small. Wells in the till are not likely to obtain water 
unless they penetrate layers of sand or gravel.

Little is known of the thickness of outwash deposits in the 
drainage courses that cross the ground moraine, but poor surface 
drainage in many places and the presence of till ridges that 
protrude through the outwash deposits west of Pittman indicate 
that in many places till is probably near the surface. Poor sur­ 
face drainage, a few outcrops (pi. 1), and well records (623 and 
possibly 630) show that till is probably near the surface over 
much of the terraced area along the north side of Knik Arm. It 
seems likely that ground water is present in these outwash de­ 
posits, perhaps generally, but that only small quantities are avail­ 
able at most places because the layer of saturated material is thin.

Outwash stream deposits that flank the lakes near Wasilla pro­ 
vide adequate household and farm supplies to a number of wells. 
There is a considerable range in depths to the till (well 498, 
56(?) feet; well 505, 28 feet; well 502, 12 feet); a well begun 
beside Swamp Lake, north of Wasilla, was in till from the surface 
and was a "dry hole" when abandoned several feet below lake 
level. Till may be near the surface at any place beside tliese lakes, 
and the records of existing successful wells thus may not present 
a fair picture of ground-water conditions.

Considerable areas near Kings Lake and Swamp Lake and north­ 
west of Wasilla are underlain by pitted outwash deposits about 
which little is known. A well at the Kings Lake camp (470) pene­ 
trated 46 feet of sand and gravel without entering till.

Most of the springs the writer has seen in unit 6 issue from 
sand or gravel where it rests on till. Examples include a spring 
east of the mouth of Fish Creek, and probably those on the Fleck- 
enstein property, li/2 miles southwest of Wasilla, and on the 
Dinkle property, 2^j miles southeast of Wasilla.

Wells in several parts of unit 6 (fig. 4) obtain artesian water 
from sand and gravel beneath the surface or near-surface till. 
The distribution of these wells and the presence of gravel beneath
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the till at Goose Bay suggest that this buried aquifer may ex­ 
tend over much of the western part of the agricultural area. If 
this conclusion is correct, larger ground-water supplies may be 
available from deeper wells here than are probably available from 
shallow wells in surface gravel west of Wasilla. None of the 
existing wells were developed to yield more than small quantities 
of water, but there appears no reason to believe that favorable 
materials would not furnish at least moderately large supplies 
after proper development.

Till is present beneath the community of Wasilla. Most wells 
there are shallow and obtain plentiful supplies of water from 
the overlying gravel, but wells 522a (Alaska Railroad) and 535 
(Wasilla School) obtain artesian water from gravel beneath the 
till. What appears to be a layer of till as much as 3 feet thick 
was penetrated by several dug wells in Wasilla; its relation to the 
thicker till penetrated by the deep wells is not known.

A "wildcat" test hole for oil was drilled about 2% miles north 
of Goose Bay in 1955. The hole was abandoned at a total depth 
of 3,855 feet. The top of the bedrock is at a depth of 596(?) feet, 
or about 450 feet below sea level. The bedrock is chiefly shale. 
The unconsolidated material above the bedrock appears to include 
till, sand and gravel, and clay, but individual units cannot be 
identified with assurance in the driller's log.

FLUCTUATIONS OF GROUND*-WATER LEVELS, AND DISCHARGE 
AND RECHARGE OF GROUND WATER

Reports of well owners indicate that in some places the fluctua­ 
tion of ground-water levels between wet and dry years is as 
much as several feet. Seasonal fluctuations, the water levels be­ 
ing low in winter and early spring, also are reported. Figure 7 
shows hydrographs for observation wells for 4^- to 6^-year 
periods during 1949-56. Withdrawal of ground water near most 
of these wells is so small that the fluctuations may be considered 
to be the natural changes in the ground-water level at each well. 
In general these records show decline of the water levels for a 1- 
to 2-year period after observation began, and later partial or 
complete recovery. The graphs show considerable similarity, 
with a tendency to rise slightly in late spring and more promi­ 
nently in late summer or autumn.

Precipitation data for 1949-55, from records of the U.S. 
Weather Bureau, are plotted by monthly totals beneath the hy­ 
drographs. None of the observation wells is near a surface source 
of water. Water from precipitation, percolating from the land
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surface, is probably the chief source of ground water in most 
of the agricultural area. This general conclusion is suggested by 
the similarity of the hydrographs, which represent wells in a 
wide range of topographic and geologic situations. The period of 
rising water levels shown by the hydrographs, after the summer 
rainfall, is the time of greatest recharge. A relatively minor part 
of the recharge is derived from snowmelt during the spring; most 
of the winter snow cover is blown away or is removed by sublima­ 
tion or by melting and overland runoff. A small part of the melt 
water collects in depressions, however, and some of it percolates 
into the ground after the ground thaws. A third source of re­ 
charge, infiltration from the beds of streams, is important lo­ 
cally. Water-table contours (figs. 3, 5) show that such recharge

1949 1950 1951 1952 1953 1954 1955

FIGURE 7. Graphs showing fluctuations of water levels in wella.
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occurs along the lower course of Palmer (Bodenburg) Creek, and 
probably along the Matanuska River east and southeast of Palmer 
and north (?) and west of Bodenburg Butte. Recharge by infiltra­ 
tion may occur also along the small streams farther west in the 
agricultural area.

Comparison of the precipitation and water-level data (fig. 7) 
shows that any relation between them is probably complex. Wa­ 
ter cannot move downward out of the mantle of windblown silt 
and sand until the material has reached field capacity. Heavy 
rains after a dry period probably contribute less to the ground- 
water body than lighter rains that fall on wetter soil. Deep wet­ 
ting of the surficial material by relatively heavy autumn rains is 
thought important in favoring recharge during the succeeding 
summer. A succession of two or more wetter than average years 
also probably leads to increased recharge. For the period 1943- 
49, Weather Bureau records show an accumulated excess of about 
4 inches of precipitation. This series of "wet years" is thought 
to explain the high water levels observed in 1949. On the other 
hand, a deficit of about 7 inches in 1950 was accompanied and 
followed by a rapid decline of the water levels.

The hydrographs of wells 185, 449, and 533 probably show the 
maximum fluctuations of water levels to be expected in these 
localities if the future pattern of precipitation is similar to that 
observed in recent years. Near wells 185 and 449 the level of the 
water table is controlled by the shallow water level in the Mata­ 
nuska River flood plain and in the sand-covered flat near the com­ 
munity of Matanuska. Near well 533, in Wasilla, the level of 
the water table is controlled by the levels of Wasilla and Lucile 
Lakes. The reasons for the relatively large water-table fluctua­ 
tion shown by the hydrograph of well 314 are not known but are 
thought to include the position of the well on a hillside and the 
considerable distance which appears to separate the well from 
an area of discharge. Recharge of the ground water here is 
probably from precipitation.

The Palmer municipal wells discharge somewhat more than 
100,000 gpd; the total withdrawal of ground water from other 
wells in the entire agricultural area is estimated to be perhaps 
twice this amount. The remaining ground-water discharge oc­ 
curs by natural means, probably chiefly by flow into the Mata­ 
nuska and Knik Rivers, into the many lakes in the area, and 
perhaps into some of the small streams that flow into Knik 
Arm.

The apparent equilibrium attained during pumping of the
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Palmer wells suggests that the quantity of ground water avail­ 
able from favorable aquifers in the agricultural area is sufficient 
to meet reasonable future needs. It seems likely that moderately 
large quantities of water could be pumped even from aquifers 
less favorable than that tapped by the Palmer wells, especially if 
pumping were limited to a relatively short period each year, such 
as that desirable for supplemental irrigation. Areas in which 
the ground water is known to be recharged by surface streams 
also would appear to be favorable hydrologically for the produc­ 
tion of moderately large ground-water supplies. Because of the 
wide spacing of wells and the relatively small quantities dis­ 
charged, the present withdrawal of ground water for farm and 
household use is thought to have little effect on water levels 
in the ground.

QUALITY OF WATER

The samples represented by the analyses in table 3 are con­ 
sidered representative of the chemical character of the ground 
water in the Matanuska Valley agricultural area. These analyses 
show that the water is in general suitable for ordinary domestic 
uses.

Water containing less than 500 parts per million (ppm) of 
dissolved solids is generally satisfactory for domestic use unless 
it is exceptionally hard or contains an objectionable amount of 
iron. The ground water in the agricultural area commonly con­ 
tains less than 300 ppm of dissolved solids. The hardness is 
generally in the range from 100 to 300 ppm and is due chiefly to 
calcium and magnesium bicarbonate. A few wells (see 145 and 
494, table 3) obtain very hard water (about 500 ppm or more). 
Artificial softening of such water and of that from some of the 
other wells is desirable. Hardness in excess of 150 ppm is notice­ 
able in ordinary use and may cause the formation of scale in 
boilers and heating units. The concentration of iron or of iron 
and manganese in the samples from wells 462, 244a, and 522a is 
much higher than that of 0.3 ppm of iron and manganese to­ 
gether recommended in the drinking-water standards of the U.S. 
Public Health Service. In other samples analyzed the concentra­ 
tion of iron and manganese is within this limit. In all samples for 
which fluoride was determined the concentration is well within 
the mandatory limit (1.5 ppm) specified by the U.S. Public 
Health Service for water used on interstate carriers. The nitrate 
content, a possible indicator of organic pollution, is high in a few 
samples (for example, wells 4a, 123, 145, 347, and 494). All but
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one (494) of these samples are from shallow dug wells, which 
are particularly susceptible to pollution. Samples from wells 
145, 347, and 494 contain more than the 45 ppm considered by 
Comly (1945) to be the maximum safe nitrate content for water 
used in feeding- formulas for infants; higher concentrations may 
lead to cyanosis. Water of the character of nearly all these sam­ 
ples would be satisfactory for irrigation. The high sodium con­ 
tent of the samples from wells 4 and 147, however, might make 
such water undesirable for irrigation.

Triangular diagrams (fig. 8) illustrating the composition of the 
water samples analyzed show that, except for samples 4 and 147, 
the water is of the calcium magnesium bicarbonate type and has 
a rather narrow range in composition. The samples were col­ 
lected from till, outwash sand and gravel, windblown sand, and 
bedrock, and from both water-table and artesian aquifers. The 
uniformity of composition is thought to show that all the uncon- 
solidated deposits represent fairly well the mineral composition 
of the bedrocks of the region.

The analyses show a considerable range in concentration of 
dissolved solids. In several places where less than average min­ 
eralization was found (wells 244, 244a, and 275), the water 
has probably been in contact with the sediments for a shorter 
time than elsewhere in the agricultural area. The relatively high 
concentration of dissolved solids in a few samples is more difficult 
to explain. Well 494, which is finished in gravel, obtains hard 
water (hardness, 530 ppm) that has a higher content of dis­ 
solved solids (638 ppm) than all but one of the other wells sam­ 
pled. Robert Warner (535 Eng. Det, Terrain, Army Map 
Service, U.S. Army, oral communication, 1956) suggests that this 
hardness may be due to solution of a buried deposit of calcareous 
marl such as that to be found in some of the modern lakes. This 
explanation is consistent also with the high nitrate content of 
water from this well, which could have been derived from or­ 
ganic material in the lake deposit.

The presence of high-sodium water in two wells (4 and 147) 
which penetrate shale (in well 4 the till enclosing the aquifer 
may contain fragments of the shale which was found beneath 
the till) suggests that the high sodium content may be related 
to the shale. In that case, however, it would appear that the 
sulfate content of these samples should be higher than was ob­ 
served. Possibly the high sodium content and low hardness (rela­ 
tive to those of other Matanuska Valley samples) are due to 
natural base exchange between the ground water and the shale.
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During the early days of the agricultural colony, several drilled 
wells obtained highly mineralized water. An abandoned well in 
Palmer, listed in the files of the Alaska Rural Rehabilitation Cor­ 
poration, is reported to have obtained "sulfur water" in bedrock 
at a depth of 121 feet. Salt water was found in the old slaughter­ 
house (144) and hospital (135) wells and in two other wells. 
According to information in the ARRC files, analysis of water 
from the hospital well showed a carbonate hardness of 4,300 
ppm, a chloride content of 3,520 ppm, and a pH of 6.0. In contrast, 
water from the old powerhouse well (134) is reported to have 
contained 26 ppm of chloride. The differences in composition of 
samples from nearby bedrock wells and the absence of chloride 
in many of the samples of bedrock water are thought to show 
that the highly mineralized water is of local occurrence. It is 
not related to modern salt water in Knik Arm.

CONSTRUCTION OF WELLS 

DUG WELLS

Most wells constructed by individuals for their own use are dug 
by hand. They are generally less than 50 feet deep but a few are 
much deeper. Well 272 (Allman) is 105 feet deep, and well 305 
(Cullison) was 95 feet deep before it was deepened by drilling. 
These dug wells are generally square or rectangular in plan, 3 to 
4 feet on a side.

The walls of wells dug in till commonly stand without support 
after excavation," but in most places gravel must be supported 
during the digging. Some of the gravel and sand are particularly 
difficult to dig because the walls slump before they can be sup­ 
ported. Wood cribbing is most commonly used to line dug wells. 
Several types of wood have been used. Spruce is considered ex­ 
cellent, but cottonwood is said (T. J. Wilson, oral communica­ 
tion, 1949) to give the water a taste of organic decomposition. 
Concrete blocks or pipe, poured concrete, metal barrels, wood- 
stave pipe, and steel well casing also have been used for lining dug 
wells. In a number of the wells, the linings have been put down 
in the cribbed hole to below the water table and the hole back­ 
filled with gravel. The other types of lining are more permanent 
than wood and, if properly constructed, more sanitary. They do 
not, however, permit much inflow of water from water-bearing 
layers above the bottom of the well. Wells dug in till, especially, 
may need all the infiltration area possible in order to yield an 
adequate supply.

Although dug wells are less satisfactory than drilled wells for
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many reasons, the fact that they can be constructed without 
special equipment made them important during the early days of 
the agricultural colony. Moreover, in some places where till ap­ 
pears to be the only water-bearing material available, the dug 
wells may be more effective than drilled wells for shallow supplies 
because they expose a greater wall area and because the wooden 
cribbing permits inflow from all the water-bearing zones pene­ 
trated by the dug shaft. Dug wells generally cannot be extended 
more than a few feet below the water table, and some wells dug 
during seasons of high water table have gone dry when the wa­ 
ter table declined. Some of these wells have been deepened by 
additional digging or by drilling.

Few dug wells in this area are satisfactory on the basis of sani­ 
tation. The wooden cribbing commonly used does not prevent 
the entrance of surface or near-surface water into the wells 
because few of the wells are adequately sealed at and near the 
surface.

DRIVEN WELLS

Conditions generally are not suitable for the construction of 
driven wells in this area. The presence of gravel or till at or 
near the land surface in most of the agricultural area makes the 
success of driven wells unlikely. However, a few driven wells 
(Johnson, 35; Rocca, 650; Kimbrell, 670) obtain water from sand 
or pebbly sand at depths of less than 20 feet.

DRILLED WELLS

Most of the wells constructed since the establishment of the 
agricultural colony, and all but a few of those deeper than 50 feet, 
have been drilled. For many years the Alaska Rural Rehabilita­ 
tion Corporation operated a cable-tool drilling machine. Sev­ 
eral private drillers have been active in this area in recent years.

Most of the older drilled wells were constructed with 4-inch 
steel casing. Most of the newer wells are of 6-inch diameter. 
They are generally finished with open-end casing, or with the 
lower few feet of th& casing slotted, although a few have been 
finished with slotted well screens. These open-end and slotted- 
casing wells have proved suitable for the development of small 
water supplies, but in most places the water-bearing materials 
will not yield larger supplies (roughly 50 to 100 gpm or more) 
without the use of well screens for proper development.

The 4-inch wells are generally adequate for household use, but 
6-inch wells may be preferable because the heavier drill tools
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permit more rapid drilling. If a well is to be used for a large wa­ 
ter supply, a 6-inch or larger casing is desirable because it per­ 
mits the installation of a larger pump. For smaller supplies the 
small electric pumps used in this area, which discharge less 
than 10 gpm, may be used satisfactorily in 4-inch casing. Of the 
several types of drilling machines, the cable-tool type is the only 
one that is well suited to the conditions found in this area.

UTILIZATION OF GEOUND WATEE 

PUBLIC SUPPLY

Palmer is the only community in the Matanuska Valley agri­ 
cultural area that has a public water supply. Several successful 
wells were constructed in and around Palmer before and during 
establishment of the agricultural colony, but drilling in the town- 
site was generally unsuccessful. For many years, thereafter, the 
Matanuska Valley Farmers Cooperating Association supplied 
water to its creamery and other establishments by means of a 
22,000-foot conduit of wooden-stave pipe from Brasil Springs, 
about 3 miles northwest of Palmer. Excess water was sold to the 
residents of Palmer. After the dry season of 1950, the spring 
flow was insufficient to meet the needs, and in 1951 the existing 
pipeline was extended and water obtained from Carnegie Creek 
about a mile northwest of the springs.

Because the then-expanded water supply for the town was con­ 
sidered of questionable sanitary quality, thought was given to the 
acquisition of additional supplies. Surface-water sources already 
in use were considered by the designing engineer, but, upon 
strong recommendation of the Alaska Department of Health, at­ 
tention was given to the possibility of acquiring a safe and more 
economical supply of ground water. At this stage, on the basis 
of data which were at hand and which form the foundation of 
the present report, the Geological Survey informed the Alaska 
Department of Health that the chances of obtaining a ground- 
water supply at moderate cost were excellent. Shortly thereafter, 
the personnel of the engineering firm designing the Palmer water- 
supply system were informed by the Geological Survey of details 
of local geology and hydrology, which provided a reasonable 
basis for an estimate of costs of a test well in the area where the 
present supply is developed.

The test well (363) was subsequently drilled with favorable 
results. A second well (363a) was drilled at the same site, and 
the two wells together provide the present (1958) water supply 
for Palmer. According to Mr. A. J. Alter, chief of the Section
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of Sanitation and Engineering, Alaska Department of Health 
(oral communication, Sept. 25, 1958), Palmer thus became the 
first community in Alaska to achieve what public-health authori­ 
ties would term a model water supply.

The present municipal-supply wells were completed during 
1952 at a site about a mile northwest of the city. A reservoir 
was constructed at the well site. A gravity-flow distribution sys­ 
tem connects the reservoir with the city. The new system went 
into operation during 1953.

A community well (515) was dug in Wasilla several years ago, 
but it is no longer in use. At present private wells supply water 
for all the inhabitants.

DOMESTIC AXD FARM SUPPLIES

During most seasons individual wells are capable of providing 
sufficient water for domestic and farm use throughout most of 
the agricultural area. Many farm houses have plumbing and pres­ 
sure-water systems, and the water use includes supplying live­ 
stock and cooling milk.
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TABLE 4. Logs of representative wells in the Matanuska Valley 
agricultural area, Alaska

The terms listed below have been used in different ways by the drillers 
whose logs are included in table 4, or in ways that differ from the standard­ 
ized usage of the geologist. The following explanation of terms is intended 
as an aid in the interpretation of the logs of the 44 wells given in table 4.

Hardpan. In this area this term is commonly used for glacial till.
Cemented sand, cemented gravel. These terms seem to be applied both 

to till and to somewhat consolidated sand or gravel.
Glacial mud. Drill cuttings from several types of materials are described 

as "glacial mud." Clayey or silty till (especially where it does not contain 
stones), clayey or silty sand, and what may be lake or estuarine sediment 
are included under this term. Hydrologic and drilling characteristics are 
useful in distinguishing these materials; but, because such information is 
generally not available for the older wells, the interpretation of many logs 
depends on comparison with logs of nearby wells.

Gravel. This term seems to be used in two ways: any sandy material 
containing stones; and the stones in the deposit. Thus, many materials de­ 
scribed as "sand and gravel" or "sand with gravel" are probably pebbly sand.

Boulder. The boulders recorded by the logs probably include stones of all 
sizes larger than pebbles.

Lime and limestone. It seems likely that the materials described as "lime" 
and "limestone" include both shale and glacial till; little or no predominantly 
calcareous rock may be included.

Shale. Three usages of "shale" have been followed by drillers in this 
area: a fine-grained consolidated rock, particularly one that breaks down to a 
thick mud during drilling ("slate" also has been used for such rock); glacial 
till, which is hard and gray and breaks down to mud during drilling; and 
"slide-rock" or talus. Each reference to "shale" in the following logs probably 
follows one of the first two usages.

Well 4, Lazy Mountain Children's Home; SW%SE% sec. 23, T. 18 N., R. 2 E.
[Log by drillers, S. Gotten and H. K. Hamilton]

Thick­ 
ness Depth 

(feet) (feet)
Hardpan: clay, sand, and stones___              260 260
Sand and gravel; sand at top, gravel beneath; water-bearing-.  20 280 
Hardpan .  .     _          __  _   ._.. 28 308
Record missing  _-___      _   __    _       __~ 24 332 
Boulders, hard; brown and gray clay              2 334
Record missing ____________________________________________________________________________ 26 360
Clay, brown to blue; black slate; brown quartzite; rock becomes

harder with depth; open hole drilled below 334 ft; dry    365 725 
Remarks: Till, 0-260 and 280-308 ft; top of bedrock probably 

between 334 and 360 ft; bedrock probably shale with inter- 
bedded sandstone layers.

Well 70, Victor Falk, Jr.; SE%SW% sec. 14, T. 17 N., R. 2 E.
[Log by Alaska Rural Rehabilitation Corp. (ARRC) ]

Thick­ 
ness Depth 

(feet) (feet)
Topsoil and gravel         _ _            ._ _..... 15 15
Gravel, with boulders..._.__. ........ .___           ... ...... 21 36
Rock; a little water at 65 ft ..          _      30 66
Rock: makes 9 ft of water per hour ___-____.__.. . .......... ............. 26 92
Rock; more water at 107 ft; makes 45 ft of water in 1% hr.  _. 18 110 
Remarks: Water level 62(?) ft, June 1936.

Well 80, Lee McKinley; SW%SW% sec. 22, T. 17 N., R. 2 E.
[Log by driller, J. D. Conboy]

Thick­ 
ness Depth 

. (feet) (feet)
Soil     - ---      __      __ _   .. _    3 3
Sand and gravel; a little water in gravel above 56 ft, but easily

bailed out         ._... .._.._     .... . _.._ ....._._.. ...... 53 56
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Thick­ 
ness Depth

(feet) (feet)
Greenstone, crumbly; easy drilling                 4 60
Greenstone, moderately hard drilling; dry; casing to 64 ft     52 112
Greenstone; hard drilling; dry to approximately 144 ft     32 144
Remarks: Water apparently from a fracture at 144 ft; water 

level 39 ft.

Well 134, Old Civic Center Powerhouse, Palmer ; SE^SW1̂  sec. 33, T. 18 N., R. 2 E.
[Log by ARRC]

Thick­
ness Depth

(feet) (feet)
Topsoil; gravel ........._-._._..  _ __._. _.._._  .._._._ __   26 26
Gravel and blue shale                         27 53
Lime, blue ._  ._.. _._._._._ . ..._.._.._._ ._.  _.___.______ 27 80 
Mud, glacial  _._ _.__.. _. _.__._.___________.._______ 2 82
Water sand _..__......_._ . __._._._ . ___..__._... _._____   13 95
Remarks : The "gravel and blue shale" is probably till ; the blue 

lime, glacial mud, and sand may be limestone or shale and 
sandstone; the reported chloride content of the water (55 
ppm) suggests that the well penetrates bedrock. See log, well 
135.

Well 135, Old Civic Center Hospital, Palmer ; NE*4N W^4 sec. 4, T. 17 N., R. 2 E.
[Log by ARRC]

Thick­ 
ness Depth 

(feet) (feet)
Topsoil ; gravel         ...  .. ...  ........ ...   ..  ._ 34 34
Shale, blue          ._ ._.._._ _                23 57
Lime, blue .__ ..... .._._ ...______._ _ . _._._._._ _..___. ___ 69 126
Shale, broken with blue lime                     13 139
Water sand, hard  - -....  --- ---.-       -   16 155
Remarks: Log suggests bedrock below 34 ft; reported analysis 

of water (see well 135, table 5) suggests an old sea water.

Well 142, John Cope; NE%SW% sec. 4, T. 17 N., R. 2 E.
[Log by ARRC]

Thick­ 
ness Depth

(feet) (feet)
Topsoil; boulders            . _ __    __     _   . . _ 28 28
Boulders and gravel; 6-in. casing ends at 39 ft           11 39
Gravel _..-.......__._.._._ __..__.__._.____ _____. __.._._._. _ 30 69
Boulders and gravel         ..   _ _            5 74
Pea gravel -_      .   ._.. _._._   _   _   .    ...... 16 90
Mud, blue _               ....... . ...  ......    ........... 3 93
Gravel and blue mud; makes some water at 97 ft, which will not

clear .. ...    .   ..       ..... -.   ..   ....  11 104 
Gravel; heaves; makes some water; 4-in. casing ends at 112 ft  8 112 
Limestone and shale; 226 ft of 3- and 2% -in. liner set in hole;

water cleared slowly          _ ......              188 300
Remarks: Water apparently from bedrock; water level 75 feet,

1936(7).

Well 143, E. J. LeDuc ; NW%SW% sec. 4, T. 17 N., R. 2 E.
[Log by ARRC]

Thick­ 
ness Depth 

(feet) (feet)
Topsoil; gravel and boulders                  __.   ... .    23 23
Gravel -_...... __ _.. _.._._ __.._______._ __ _._____ _ . 11 34
Granite shell, blue                     ............. 13 47
Lime, blue        .__ _. .. _ _ _ . 3 50
Sand -  --  --       .. .......           _.___.    14 64
Lime shell, broken.      ......_............               7 71
Gravel, broken   .    ..... ..  ..      ....  _  .   9 80
Gravel -.  . ..            _ _    ___       .. .  .. .... 8 88
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Shale, sandy, blue  .     _               
Gravel, heavy                            -  
Remarks: Log suggests till, 34-90 ft; see log, well 142, 90-112 ft

Well 154, R. P. Mohan; NE%NE% sec. 9, T. 17 N., R. 2 E. 
[Log by ARRC]

Topsoil; gravel and boulders.                 
Mud, glacial, with some water ,  -_  ___   ~_    
Shale, blue, sandy                        
Gravel, fine .   -. _.-. -..                  
Quicksand; heaves 6-15 ft into casing during drilling       
Gravel _  _-                            
Remarks: Mud and "shale," 63-79 ft, might be interpreted as 

till or as a bed of alluvial silt and sandy silt.

Well 160, H. S. Bauer; NW%SW%. sec. 10, T. 17 N., R. 2 E. 
[Log by ARRC]

Topsoil --     . _  . _             _  -    
Gravel     _........_........__.._____    __...____-_.
Sand and gravel... . -......-..... ...... .- -. ..           -
Gravel   _.....________.._____._.__....._.___________
Gravel and quicksand                        
Gravel and sand-                  .     _...
Gravel .. .    ..   .  .............   .  ..   - ..  
Clay ____..._ ... .__.__._  __-_    - __.     ...........
Sand    -. - --   . __   _         .      
Gravel .  .   ..   ................. .... ......... ...   ....   ....  
Remarks: Water level 79 ft, Aug. 22, 1949; sand, 78-165 ft, is 

assumed to have been fine sand that became unstable during 
drilling because the well was not finished until gravel was 
reached.

Well 176, George Crowther; NE%SW% sec. 9, T. 17 N.. R. 2 E. 
[Log by ARRC]

Topsoil; gravel and large boulders. 
Gravel and sand, broken      . 
Sand with glacial mud, blue......._......
Gravel .     ........ . ..................
Quicksand          __    
Gravel           ................
Remarks: Water level 70 ft.

Well 179, A. C. Erickson; NWMSWM. sec. 9, T. 17 N., R. 2 E.
[Log by driller, A. R. Moffiitt]

Soil .................    ...   -.
Rock --  ._. _.___ __-__   _..___     _ __ __  _  
Sand ------ ---__- _  __ _- _--       _____
Gravel with clay....  __  .  ...... ........ ........    .... .._....._.
Rock     -__ .. ..  ..  _  _._. _. ______ _  ._.  
Hardpan: "cemented sand" .       ...           _ 
Gravel    .    ........................ ........................ . .. . ..  ..
Remarks: Driller's description of hardpan, 17-72 ft, suggests 

that it may be till; water level 82.10 ft, Aug. 4,1952.

Thick­ 
ness Depth 

(feet) (feet)
2 90
7 97

Thick­ 
ness Depth 
(feet) (feet)
63 63 
4 67

12(?) 79
4 83

35 118
5 123

Thick­ 
ness Depth 

(feet) (feet)
8
23
11
8
4
5
7

12
87
10

8
31
42
50
54
59
66
78
165
175

Thick­ 
ness Depth 

(feet) (feet)
39
7
5

20
32
10

39
46
51
71

103
113

Thick­ 
ness Depth 
(feet) (feet) 

4
6
7

15
17
72
91

4
2
1
8
2

55
29
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Well 182, Ray Rebarchek; NW%SE%. sec. 8, T. 17 N., R. 2 E.
[Log by ARRC]

Thick­ 
ness Depth 

(feet) (feet)
47
53

47
6

15
5

14
2

68
73
87
89

Topsoil; gravel and boulders... ........._.            
Clay, blue, with some water that appears to rest upon the clay- 
Gravel __._______________________________ 
Quicksand         __ _.____       ... ___
Gravel _________________________________. 
Water gravel, and sand  _._.  __ _...._.._._.______
Remarks: Water level 84 ft.

Well, 195, Test well. U.S. Geological Surrey; NE%NE%. sec. 17, T. 17 N., R. 2 E.
[LogbyUSGS]

Thick­ 
ness Depth 
(feet) (feet)

Silt, tan to gray__-___________-______________ 3 3
Gravel, sandy, with pebbles and cobbles; light brown __   _ 12 15 
Gravel, sandy, with small pebbles; light brown           12 27
Sand, medium to coarse, with pebbles; light brown._       2 29 
Silt and fine sand, with pebbles; light brown           8 37
Gravel, sandy and pebbly, with streaks of silt and clay; rusty

brown       .  .         _._.   _..._.._.__   3 40 
Sand, medium to coarse, with streaks of silt and clay; rusty 

brown           _.___.__...._     _      _ _- 9 49
Gravel, with sand, silt, and clay; dark brown; hard; casing 

drives with difficulty but hole does not stand open ahead of 
casing    _.. ..._   ._ _ _._ ._...... ._.._. ......... 9 58

Silt and clay, with fine to medium sand; brown; hard; hole
stands open ahead of casing, 58-77 ft          _   19 77

Sand, medium to fine, with pebbles and streaks of silt and clay; 
brown ______ _________.____________________ 12 89

Sand, medium to fine, with streaks of silt and clay; brown.    14 103 
Sand, medium to coarse; pebbly; brown; heaves into casing dur­ 

ing drilling .. .....  ....._......  ......_      .___ _____.... ._ 2 105
Sand, with streaks of silt and clay; brown            4 109
Sand, medium to coarse, pebbly; brown               2 111
Sand, medium to coarse, with small pebbles and streaks of silt 

or clay; brown; 60-slot screen set at 110-114 ft; drawdown 
23 ft after pumping 27% hrs at 53 gpni              6 117

Sand, fine to medium, with streaks of silt and clay; dark to rusty 
brown; heaves into casing during drilling           48 165

Sand, fine to medium, with silt or clay; dark brown; hole stands 
open ahead of casing   _.._.._............_.     _.    6 171

Sand, fine and medium, silty; brown; heaves into casing during
drilling ____.-_________._______ _______ ___ 39 210

Sand, fine, silty; brown ___                   ____ 8 218
Sand, fine to coarse, with silt, clay, and occasional pebbles; light

to dark brown; heaves into casing during drilling        22 240 
Sand, fine to medium, and silt or clay; brown to gray or greenish 

gray; hole stands open 6 to 10 ft ahead of casing during drill­ 
ing, before walls cave.   ._._ .......  ........_.        19 259

Sand, coarse, and small pebbles; gray                2 261
Gravel, fine, and clay; gray    _.._......  ....._ _...._  3 264
Greenstone; hard; dry.....   ..        . .....  ....._.  . _... 18 282
Remarks: See graphs, fig. 2, showing particle-size distribution 

in representative samples from this well.

Well 228, Fred Joiner. NW%NE% sec. 8, T. 17 N., R. 2 E.
[Lojf by driller, A. R. Moffitt]

Thick­ 
ness Depth 
(feet) (feet)

Soil .   .        _   ._..       _.._...   ._. _..... 2 2
Gravel  . .  ..._.. ................ ...._   _ _............_...... 12 14
Sand, coarse    ...___  __                . ..-.... 1 15
Gravel, coarse -----.-.      .  .-.     ..  .. ..............  7 22
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Thick­ 
ness Depth 

(feet) (feet)
Gravel, fine, loose                         20 42
Sand and clay       __   _._. ___     -  2 44
Gravel ___________________________________ 4 48
Rock ___-____ _   2 50
Gravel _____ ________.___________________. 26 76
Sand, coarse _ _ _________ 16 92
Hardpan _  __ ___________________________ 9 101
Sand and gravel, with water   _._  ._             12 113
Remarks: Water level 97 ft, Sept. 1953. See log of well 229.

Well 229, A. R. Moffitt; NW%NE% sec. 8, T. 17 N., R. 2 E. 
[Log by driller, A. R. Moffitt]

Thick­ 
ness Depth 
(feet) (feet)

Soil ....___    ._ .-_    .  _._  __.. ..-_     _ 4 4
Gravel __________________________________ 12 16
Hardpan  - --              _  ___       __ 9 25
Gravel       .  .   ._ __ ..  .    .      14 39 
Boulders --                   _ ..     _ 2 41
Gravel                 __._          __ 15 56
Rock        .  _  _                    3 59
Sand, very dry.       ..  ..    ...       __   _ 7 66 
Hardpan       _..  ......    .. .  ..  .   . .   _   5 71
Sand and clay  .  . .   __  _           _   25 96
Hardpan   _____   __.____-__.._____.______ 9 105
Bedrock, black; some water on top of it               4 109
Sand and gravel; some water    .. .. ....  .  .         2 111
Rock, black ......._.  .. ...         . .. .  ..   ..     -_ 13 124
Gravel        .-..  .. ...   _            _... 2 126
Rock, black -- _.-_ _   -    --                3 129
Remarks: Well cased to 119 ft; water level 103 ft, Oct. 1953. It 

is concluded from verbal description by the driller and from 
examination of cuttings of the black rock, 105-109 ft, that 
the log represents bedrock below 105 ft; the black rock is hard 
graywacke and the sand and gravel may be softer (shaly?) 
material.

Well 251a, Paul James; NE%NW% sec. 27, T. 19 N., R. 3 E. 
[Log by driller, S. Gotten]

Gravel, with boulders, and sand       .  . .     _ 
Gravel, with boulders, and sand and clay.           
Gravel, fine, with sand and clay; dry .........    ...     
Gravel, fine, with sand and clay; dry               
Hardpan: clay, fine gravel, and sand; hard; dry         
Gravel, fine, water-bearing                 __ .........._
Remarks: Originally drilled to 42 ft, and casing pulled back to

29 ft; water level was 20 ft, summer, 1953; water level of
deepened well, 55 ft, January 1954.

Well 251b, Har^e Estep; NE%NW% sec. 27, T. 19 N., R. 3 E.
[Log by driller, S. Gotten]

Soil; clay and fine gravel    _.              _
Clay, with sand and fine gravel  .          .
Sand and medium gravel; less clay.     ....._._.....
Clay and silt, brown, with fine gravel          
Clay and silt, brown, with coarse gravel; water at 30 ft- 
Sand, coarse gravel, and clay   .. ............._......_  .
Sand and coarse gravel _ ... ...._.......... ............._. .......

Thick­ 
ness Depth 
(feet) (feet) 

11 11
6
2
2

30
12

17
30
30
60
72

Thick­ 
ness Depth 
(feet) (feet) 

6 6
12
18
24
30
33
36
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Record missing  _   ...       __..__.___      
Hardpan                    __        
Gravel, sandy, with pebbles; water-bearing           
Remarks: Originally drilled to 41 ft but well went dry; deepened

to 66 ft. Water levels in deepened well, 43 ft. in February 1954
and 23 ft in June 1954.

Well 256, Walter Mayr; SW»/4NW% sec. 32, T. 19 N., R. 3 E.
[Log by drillers, S. Gotten and H. K. Hamilton]

Soil, fine gravel                   .__   .  
Clay, sand, and medium gravel; very dry except for a little water 

at 55 ft .........._............ -...-...-...
Clay and medium gravel   .       _... . .. .       
Clay, heavy   ___ _ _                  _.......  ._
Rocks, large, and clay  .              _._._
Rocks, large                              
Clay, heavy, and medium gravel     ...._  _._-__ _._......._
Clay and coarse gravel           .   _._.._ _
Gravel, fine, with sand and a little clay     _...._
Gravel and sand, brownish, with less clay   .     __ 
Gravel, loose, and clay and sand   _       __
Gravel, fine, and sand; little clay ____________     .___    
Gravel, sand, and clay, water (7-9 ft)              
Gravel and sand, less clay; water                 
Remarks: Water level, 171 ft, summer 1953. Log of older, shal­ 

low well suggests gravelly material to 33 ft, till below 33 ft. 
Material to 118 ft is interpreted as till, and the absence of 
water until about 174 ft (confirmed verbally by drillers) sug­ 
gests that till extends to 174 ft.

Well 257, Kenneth Wallace; SE%NW% sec. 31, T. 19 N., R. 3 E.
[Log by driller, S. Gotten]

Record missing (see remarks)                 .
Hardpan; at 307 ft, "sludge soil, brown"...  _        
Clay, brown                ......._. .........  ...   ......
Boulders and clay .          .._            
Clay with much sand and fine gravel              
Sand with clay and fine gravel                   
Record missing    ..........._...._ ..__..._....   ....._..__.... ...   . _
Clay, brown, and gravel; open hole drilled ahead of casing, 

357-367 ft         ---_.. _- .           
Sand and clay                 . _... ___..........._....
Gravel, medium, and sand, with inter bedded layers of brown 

clay; water found at 412 ft                  
Remarks: Water level, 401 ft, August 1955. Verbal description 

by driller suggests till, 0-280 ft; log of old well records inter- 
bedded "hardpan" and gravelly layers to total depth of 37 ft. 
The sequence is interpreted as till to a depth of about 412 ft. 
The character and significance of the "sludge soil" at 307 ft 
are not known; this material may be a weathered zone in the 
till.

Well 258, Richard Diedrick; SE%SW% sec. 30, T. 19 N., R. 3 E.
[Log by driller, S. Gotten]

Record missing . 
Hardpan _________
Clay, brown, wet

6 42
22 64

2 66

Thick­ 
ness Depth 
(feet) (feet) 

22 22

39
8
22
2
8
6

11
9

23
13
11
5
7

61
69
91
93
101
107
118
127
150
163
174
179
186

Thick­ 
ness Depth 
(feet) (feet)
280 280

307
330

27
23
5
5

10
7

18
7

335
340
350
357

375
382

36 418

Thick­ 
ness Depth 
(feet) (feet)

   173 
3 176
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Gravel, dry  ..-  ... _... .   .... ._  .     ............._. ._ .._  _
Clay, brown, wet ..                        
Gravel, fine, with water  .              -   
Gravel, fine, and brown clay, in alternating streaks   .     
Remarks: Water level, 178 ft, June 20, 1955. Verbal description 

by driller indicates there is no distinctive lithologic break just 
above 173 ft. Log of old well records gravel, 0-10 ft, and hard- 
pan (till), 10-148 ft. The sequence is interpreted as till to a 
depth of 178 ft or more.

Well 267, Frank Rush; NW%SE% sec. 9, T. 18 N., R. 2 E.
[Log by A. R. Moffitt]

Gravel ... 
Sand ._  
Hardpan 
Rock ......
Hardpan    . . ...  ........   _.       ...     .... 
Sand, water-bearing __        __      __  __  _  _   
Clay, blue   . .    ....  ......... ..- .. ... .        
Sand -_- _-  _ _-- _  ___ -_    _ _ _  _  
Hardpan                       ........___..__
Sand, water-bearing   __..  .  _      _      .     
Remarks: Casing to 93 ft; water level 72 ft, winter 1953.

Formations between 36 and 88 ft interpreted as one till
sequence.

Well 270, L«roy Hammond; NW%SE% sec. 9, T. 18 N., R. 2 E. 
[Log by ARRC]

Topsoil; gravel with large boulders _. ..........   ........ ..... ...
Clay, blue, hard                        __=^._  
Shale, sandy, blue    -.     _            ....
Gravel and sand                .   __   
Sand, blue, with glacial mud.   .       _    ...   
Gravel, fine   .. .. .. ........ . ....  ....._........... .. __     _._
Gravel; water found at 90 ft -    _.  ___.        
Remarks: Blue sand and mud, 71-83 ft, interpreted as till; clay 

and "shale," 39-52 ft, may be interpreted as till or, probably 
more reasonably, as alluvial or pond silt and clay; see log of 
well 271. Well deepened to 99 ft; water level 83 ft, September 
1955.

Well 271, Richard Tunnicliff; NW%NE% sec. 16, T. 18 N., R. 2 E. 
[Log by ARRC]

Topsoil; gravel with large boulders.-              ..
Sand and gravel, gray__                 .. _. _.
Sand and glacial mud.               
Gravel, brown; water found at 118 ft    ._...... ....   .
Remarks: Sand and mud, 96-108 ft, interpreted as till; the 

brown color of the underlying gravel may indicate weathering 
before the overlying material was deposited; water level 80 
ft, summer 1950. Well deepened to 143 ft, 1955; according to 
verbal description by the driller, hardpan was found at some 
level below 124 ft, a "soft zone" was penetrated at 136 ft, 
and water was found below 140 ft; the water level did not rise 
above 136 ft.

2 178
1 179
3 182
8 190

Thick­ 
ness Depth 
(feet) (feet)
18
18
7
3

24
2
4
10
2
5

18
36
43
46
70
72
76
86
88
93

Thick­ 
ness Depth 
(feet) (feet)

39
43

39
4
9

19
12

7
5

52
71
83
90
95

Thick­ 
ness Depth 
(feet) (feet)

41
96

108

41
55
12
16 124
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Well 273, Len Allman; SE%SW% sec. 9, T. 18 N., R. 2 E.

[LogbyARRC]

Topsoil; gravel with large boulders and sand          
Gravel and sand..._                   -    
Sand, blue, with some water                  
Gravel, brown, with water                     
Remarks: Blue sand lying over brown gravel is interpreted as 

till(?), by comparison with material in well 271. (See log.) 
Water level, 86 ft, when well drilled (1936?); dry, Septem­ 
ber 1950.

Well 285, James Berry; SW%SW% sec. 17, T. 18 N., R. 2 E. 
[Log by ARRC]

Topsoil; gravel                  _
Gravel with boulders          __          __
Gravel  _________________________________ 
Lime shell, gray _ ________.__ _______-_____ 
Sand, brown, hard, water-bearing                
Remarks: Water level reported to have been 45 ft. "Gray lime 

shell," 52-82 ft, interpreted as till overlying weathered sand.

Thick­ 
ness Depth 

(feet) (feet) 
43
68

43
25
18

3
86
89

Thick­ 
ness Depth 
(feet) (feet)

29
40

29
11
12
30
12

52
82
94

Well 294, S. A. Boyd; SW%SE% sec. 14, T. 18 N., R. 1 E.
[LogbyARRC]

Thick­ 
ness Depth 
(feet) (feet)

Topsoil      .  _           _    ___ __ 5 5
Gravel    ...____ __    _ _         ._  _    66 71
Mud, blue, and sand...... .  .             _.      5 76
Muck, blue _____________________________ 29 105
Mud, blue, and sand_____  ____                   19 124
Mud, blue; 13 ft of water.______________________ 5 129
Clay formation      _ .__-  _.._._...._ .-  _........__  .... 34 163
Sand and clay; casing to 193 ft; water level 61 ft          31 194 
Remarks: Blue mud, sand, and clay, 71-163 ft, interpreted as till.

Abandoned well near well 305; ARRC tract 132; probably SW%NE% sec. 20, T. 18 N., R. 2 E.
[LogbyARRC]

Thick­ 
ness Depth 
(feet) (feet)

Topsoil --___ ___________________ ____________ 15 15
Gravel _       _ _ ___   _______  _ _ _ _________ 48 63
Mud, blue, and gravel.          ..  .   _   38 101
Gravel, loose-running . _.. ............... ....... ........ .     .   15 116
Gravel    _ -                _.        .  39 155
Gravel, cemented .  . ..  _   .... ................. .    ...   23 178
Pea gravel -___.___               ___....__...   . 3 181
Gravel, cemented ....._.... -...... ._...   - ...     .._..... .... 6 187
Gravel _________. . _ _ _ __ ___.__. _ . 11 198
Mud, blue ______________________________________ 17 215
Mud, blue, and shale rock; pipe stopped at 226 ft on 2-ft ledge

of hard shale    _        ____ _._ _-_      ____   11 226
Shale; open hole below 226 ft; well abandoned: dry hole....     284 510
Remarks: Blue mud and gravel, 63-101 ft, and blue mud and 

shale, 198-226(?) ft, are interpreted as till. The layers of 
cemented gravel may be slightly consolidated gravel; or, with 
the intervening pea gravel and the underlying blue mud, they 
may be part of one till unit. The blue mud and shale, 198- 
226(?) ft, are considered to be till that contains shale, rather 
than shale bedrock, because the driller distinguished between 
the mud and the harder shale below 226 ft.
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Well 306a, Wallace Moffitt; SEi/4NE% sec. 20, T. 18 N., R. 2 E.
[Log by driller, A. R. Moffitt]

Soil --_------.--.       --
Sand -_ -- _--___-  ____  _ _ ..__.__ _  -__-._--- -  _       -
Boulders -......  .. ..- .... -   ... . .... .. ......   ._  _     
Sand -- __----_ ---_- _._-- ______._.__.__.___._ .-_-------__--_----_ -_----_----_
Hardpan . ..  -       .   . . ..  .       _-    -
Sand, brown . .  ..   ._.._ _._ . ..   ...   -  ...  _.._-    .
Hardpan; boulder at 68-69                _.  _   
Sand and clay; water   .- _.   .               ~
Clay, blue, soft   .  ...   . .._. . -._    _       
Sand, cemented  ___. ___ ____-_  _    _ __.        __-
Clay, blue, hard  ..     .-..  . ._  .._  _.._ .._  _..    
Hardpan _ _  _-_   ___          _....... .  .. 
Sand, gray, hard .....--........_.............._.._--_..........-..-.. ...-._....... _ 
Sand, loose, dry __   _ _  _ .       .. _    _     - 
Remarks: The section between 45 and 170(?) ft appears to 

comprise one or more till units.

Well 308, Oscar Kerttula; NE%SE% sec. 20, T. 18 N., R. 2 E.
[Log by ARRC]

Topsoil; gravel with boulders  ....  ..-.._.... _. .._.. ..  _   
Clay, blue, hard -.........._..............._._..... _._.... ..._......_......._._......._
Shale, sandy, blue   ... .._ ._..    _.   .        
Sand, blue, and glacial mud  _-_  _ _  _~__...... _. .....
Gravel and sand, water-bearing                   
Remarks: The section between 76 and 91 ft is interpreted as till

and is correlated with till exposed in the river bluff a quarter
of a mile to the east.

Well 320, Earl Hecker; SW%NW% sec. 30, T. 18 N.. R. 2 E.
[Log by driller, A. R. Moffit]

Soil; gravel  __   __ __.._... 
Hardpan; boulder at 35-37 ft 
Sand; water  _. ..._.... ....._..
Sand, cemented       
Sand; water   __._ _.._.____________
Sand, cemented  ._.._ _. _...___ 
Sand; water
Hardpan; casing to 73 ft; water level, 43 ft, March 1953  ...... .
Remarks: Entire section below 10 ft interpreted as till with thin 

water-bearing sandy beds.

Well 346, Richard Demmingr; NW%SW% sec. 28, T. 18 N., R. 2 E.
[Log by owner]

Sand and silt, windblown; water at 33-34 ft is reported to have 
risen 4 ft in well    .__.  _._ __ ____  ........ ......  ....._..._ 

Hardpan; layer of wet sand at 92-94 ft   .._ ._.____-._.____.____._______
Gravel; water level, 96.42 ft, Jan. 13,1954 .... ........._......  ... _.....

Well 371a, Dexter Bacon; NE}4NE}4 sec. 32, T. 18 N., R. 2 E.
[Log by driller, A. R. Moffitt]

Soil ......
Boulders   .... ....... .._
Sand; water ___,__._____.__.___
Hardpan with boulders

Thick-
ness

(feet)
10

4
27
4

15
3

16
4

10
34
30
13
20
10

Depth
(feet)

10
14
41
45
60
63
79
83
93

127
157
170
190
200

Thick­ 
ness Depth 
(feet) (feet)

76
3
8
4
5

76
79
87
91
96

Thick­ 
ness Depth 
(feet) (feet)

10
41
43
50
52
68
73
75

10
31
2
7
2
16
5
2

Thick­ 
ness Depth 

(feet) (feet)

34
66
26

34
100
126

Thick­ 
ness Depth 

(feet) (feet)
7

13
2

20

7
20
22
42
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Sand; water .-.-.  _..........._.__._.........  ._ _..._._._       ~
Hardpan __-__.__._____________-__.__....._.___
Rock --_----___-.__._.-__--___-_-_--__-_____-_____--_-_-------.---------_---
Sand, cemented -_._.__ __ _-___    _  _-_           
Boulders  _.____-______..__________________ 
Clay, blue, gummy; no stones _  ____..         _-
Sand; water     _ _.   .    __   ____        
Clay .-....-.....-.-
Remarks: Water level 82 ft, November 1954. Units between 22 

and 125 (?) ft interpreted as till.

Well 434, Fred Lsrson; SEy4NWy4 sec. 16, T. 17 N., R. 1 E. 
[Log by ARRC]

Soil; gravel with boulders ______  _________  ._   _      
Mud, glacial, blue, with sand; water ______   _         
Sand, blue; some water    _____ ___.__   _   __       
Mud, glacial, blue, very fine; water _. .   .. _   .     
Sand, gray; water .__..__ -_____._____ __.__ _ ___            
Sand; water .__  __ ._._    __-__.._    __    _  __________________
Remarks: Driller was unable to stabilize formation between 72 

and 112 ft, and water would not clear. Well first finished at 
119 ft, but after 30 days the overlying "blue mud" broke 
through the sand and filled the casing.

Well 437, Eugene Kneff; NW%SE*4 sec. 16, T. 17 N.. R. 1 E. 
[Log by ARRC]

Soil; sand   .   .  _ _________    ___  ..    ...     _ 
Gravel with boulders -___ .__      ____ _ _____.        
Sand, brown, with boulders                .  -  
Mud, glacial, blue; some water    __          ._     
Mud, glacial, blue, with gravel and boulders    .__-  .____   
Sand, brown, soft; water-bearing   _   .    ._______ ._
Remarks: Mud with gravel and boulders, 80-86 ft, interpreted 

as till. Mud with some water, 29-80 ft, may be all or in part 
till, or stream or standing-water deposits laid down near the 
ice; interpretation is difficult because it is not known whether 
the reported water was found in thin zones or was found gen­ 
erally through the unit, whether any sand or stones were pres­ 
ent, or what were the drilling characteristics of the material. 
If it contained stones and if the more permeable zones are 
relatively thin, the material is probably till. See discussion of 
till in section on geology, in text. Logs 438, 439, 442, 445a, 
445c, 447, 496, 578, and 596a illustrate the range in character 
of deposits that are probably similar to these materials.

Well 438, Henry Jensen; SW%SE*4 sec. 16, T. 17 N., R. 1 E.
[Log by ARRC]

Soil; gravel with boulders and sand _________
Mud, glacial, blue; with water . .........  ..
Clay, blue, hard _____________________________________
Gravel, water-bearing; water level 30 ft 
Remarks: See log, well 437.

3
5
2

66
7

20
5
2

45
50
52

118
125
145
150
152

Thick­ 
ness Depth 
(feet) (feet)
31 31
35
6

40
7

17

66
72

112
119
136

Thick­ 
ness Depth 
(feet) (feet)
12 12
6

11
51
6
5

18
29
80
86
91

Thick­ 
ness Depth 

(feet) (feet)
67 67

204
208

137
4
8 216
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Well 439, R. C. Collins; SE%SE% sec. 16, T. 17 N.. R. 1 E.
[Log by ARRC]

Thick­ 
ness Depth 
(feet) (feet)

Soil; gravel with boulders ___________________________ _____ 35 35
Gravel and sand                   _____  _ 34 69
Mud, glacial, blue; heaves into casing as much as 30-60 ft dur­ 

ing drilling __  ______________.______________  _ 111 180
Sand and gravel __.______  ___ _____ ____________ _ __ 7 187
Sand and gravel; water ____________._________ __ _ _ ________ _ _  __ 2 189
Gravel; water level 25 ft, July 1949 _________________ 3 192
Remarks: The mud that heaves is considered not to be till. See 

log, Well 437.

Well 442, Eugene Kneff; NE%SE% sec. 16, T. 17 N., R. 1 E.
[Log by ARRC]

Thick­ 
ness Depth 
(feet) (feet)

Soil; sand __________________ __.____________.___ 13 13
Gravel, fine ____________________________________ 29 42
Mud, glacial, blue, with gravel and boulders            24 66
Gravel; water _________________   __ ______________________ 2% 68%
Sand, brown; water _____ _-_______ _ __________________________ % 69
Gravel _________________ __ _____ _________ ___________ 39 108
Mud, glacial, blue, with gravel and boulders  _______   ____ _   18 126
Remarks: Casing was pulled back to 68% ft and well finished

there. Mud with gravel and boulders, 42-66 and 108-126 ft,
interpreted as till.

Well 445a, Test well, U.S. Geological Survey; Alaska Agricultural Experiment Station
sec. 15, T. 17 N., R. 1 E.

[Log by USGS]
Thick­ 
ness Depth 
(feet) (feet)

Silt, windblown  ----- _-_--_____ .___._ ________________   ___        3 3
Sand and gravel ________________ .___ __ _____________________ 18 21
Sand, fine _______________________________ 11 32
Quicksand, fine ________________________________________________ 7 39
Sand, fine, pebbly ______ ___ __ __ _ ___________ ______________ _ 3 42
Sand, fine, with silt and clay _________________________________ 5 47
Quicksand, fine to medium, pebbly ______________________________ 5 52
Clay, sandy, blue-gray.. _  _ __  _   __ _ -_-_   __      3 55 
Quicksand, fine, gray-brown -______ ___ ____ ___-_-_________-____ _ 6 61
Sand, fine, with silt and clay; sporadic pebbles; soft; gray to 

gray-brown  ______- ______ _ _ ____________ ______  _ ____ __ ______ 29 90
Quicksand, fine to medium; gray to dark brown _ _ ____ _____ 17 107
Sand and pebbles, with some cobbles; gray-brown; heaves _______ 6 113
Till ("hardpan"): clay, silt, sand, and stones; hard, gray; stands 

open ahead of casing _ __--_________ ___-_________________  _ ___ 19 132
Sand, fine to medium -__ ______________ _ _____  ___________ 4 136
Sand, fine, silty _ -_ _ _ __ __ _ __ _   __        ___ _ _  4 140 
Sand, fine, pebbly ._-.-__._____.____.._._______________._.__..__________.________________._____...____ 6 146
Sand, fine, with silt and clay; heaves ____- ___ __.-________________ 4 150
Sand, fine, pebbly; heaves __________________________________________ 2 152
Sand, fine to coarse, silty, with small pebbles; heaves ______________ 7 159
Sand, coarse, pebbly; bailed at 161 ft for 30 min at about 20 

gpm, water level dropped from 25 ft below land surface to 60 
ft below surface; after bailing, water rose 6 in above surface 2 161 

Sand, fine, pebbly ________________________________ 4 165
Gravel with silt and clay _ ____ ____ ____ _ __  ______ _________    2 167
Till ("hardpan"): clay, silt, sand, and stones; gray; hard till, 

stands open ahead of casing: 167-185, 196-215, 223-224; soft 
till, caves: 185-196, 215-223, 244-254 ft ________________ 87 254

Sand with pebbles ____ _ _  ___  _ _ ____ ________  _ _ _____-__  5 259
Sand, fine to coarse __ ______ ____________   __ __ __________ 3 262
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Sand, medium to coarse ________________________ 1 263 
Sand and gravel: medium to coarse sand with sporadic pebbles

and cobbles; pebbly and cobbly, 287-295 ft; heaves during
bailing, 263-269 ft;
At 289 ft: drawdown 69 ft after pumping 2% hrs at an aver­
age rate of 73 gpm from open end of 6-in casing .. _ .. __      32 295
At 295 ft: with slotted 5-in liner, drawdown 64 ft after pump­
ing 5 days at 142 gpm 

Till; hard, gray . ____ ~ _       _ - _        _ . ___ - ___ at 295
Remarks: Material above 52 ft is dominantly brown; material

below 52 ft is dominantly gray except where noted. See log
of well 445c.

Well 445c, Test well, U.S. Geological Survey; Alaska Agricultural Experiment Station,
sec. 15, T. 17 N., R. 1 E.

[Log by USGS]
Thick­
ness Depth
(feet) (feet)

Silt, tan to gray-brown __ - ______________________ 3 3 
Gravel, sandy; brown _ . _________ . _______ _______ 2 5 
Sand; brown ....  _ ....._..  ..._.. ._   ._.. ..... _ . _       4 9
Gravel, pebbly, cobbly, and silty; brown .. _ ._... _ ..._... _ ._. _ .. _ - 15 24 
Sand, silty; brown __________  ______ ____________________-__ 8 32
Quicksand : silty fine sand with silt laminae ; brown      _   ... 6 38 
Sand, fine, silty, with medium to coarse sand and granules; 

brown _  _   _      __ .._._._. _ . __ __. ___ .... _ .    10 48
Sand, fine, silty, with medium to coarse sand, granules, and 

pebbles; gray          _ ..._    ..._.. _.. ... __ ..._.. _ .._. _ .  .._. 6 54
Sand, fine, silty, with medium to coarse sand and granules; 

contains layers of silt at least half an in. thick that have 
occasional granules; generally gray, but brownish sand noted 
at 69 ft __________ _ _____________ __    ____ 20 74

Sand, fine to medium, silty and pebbly, with occasional layers of 
clean coarse sand and pebbles; heaves into casing between 106 
and 112 ft; gray ___________________ _ ____ ___ _ 38 112

Till: silt, sand, and clay with angular to rounded granules and 
pebbles; drill cuttings include massive, tough silt-clay chunks 
with embedded sand, granules, and pebbles; sporadic sandy 
streaks; gray                             _ 25 137

Sand, fine to medium, very silty, in part pebbly, with occasional
layers of clean sand; heaves into casing; gray ._._..  _ ... . _ ... ... 17 154

Sand, fine, silty; in part coarser and pebbly; gray .....-...__.___  11 165
Till: silt, sand, and clay with angular to rounded granules and 

pebbles ; cuttings include tough silt-clay chunks with embedded 
sand, granules, and pebbles; gray; stands open ahead of 
casing: 166-194 and 198-248 ft; stony till, "drills like gravel," 
does not stand open ahead of casing: 194-198 ft; sandy till(?), 
248-256 ft      -         .___..... _ . __ . __ . __ .. __ 91 256

Sand, fine, silty, with medium to coarse sand and pebbles; gray; 
heaves into casing, 256-257 ft              _ _.   11 267

Sand, silty, with many granules and pebbles; hard; gray; stands 
open ahead of casing ..._. ._. ._.__. __ .____. _ .._... __ .. ___ ..... _ ... 4 271

Sand, fine to medium, clean, with streaks of silty sand; gray ... ... 9 280
Sand, fine, and silt with many granules and small pebbles; gray; 

heaves into casing ...... __ . _ .. __ .. _ ...... ______ . __ .... _ . 4 284
Till(?) : silt and fine sand with coarser sand, granules, and peb­ 

bles; many angular rock chips, probably broken by the drill; 
cuttings also include massive silt-clay chunks with embedded 
sand, granules, and pebbles; gray; stands open ahead of cas­ 
ing, 291-295 ft ____________ __ _________ ___ . __ .... 11 295

Sand, coarse, silty and pebbly; gray; heaves into casing ___ _ ..... . 3 298
Till(?) : silt and fine sand with coarser sand and pebbles; silt-

clay chunks in drill cuttings; gray  ._.... _ ...  _ ... ._..._. ... . __ ... 6 304
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Sand, medium to coarse, with fine sand and granules; clean;
gray; heaves into casing          ._..          2 306

Sand, medium to coarse; clean; gray          --  ._  2 308
Sand, coarse, very silty; gray; stands open ahead of casing ._. . 2 310 
Sand, coarse and pebbly; gray ____ ______               3 313
Remarks: The log units interpreted as till(?), 284-295 and

298-304 ft, are indistinguishable in drilling characteristics
and in the nature of the drill cuttings from the higher units
interpreted as till.

Well 447, C. I. Branton; NW%NW%. sec. 22, T. 17 N., R. 1 E. 
[Log by ARRC]

Thick­ 
ness Depth 

(feet) (feet)
Soil -  _ ._ _  _  ______  __ __._.__. - 4 4
Gravel _ _ .         92 96
Quicksand _ _ _ _____ __________.__..______-_  130 226
Mud and gravel; water level 126 ft _                 24 250
Gravel and coarse sand; water level 73 ft  .           23 273
Record missing; water level 74 ft                 25 298
Remarks: The reported differences in water levels suggests that 

the mud and gravel, 226-250 ft, is somewhat impervious. If 
the reported water level, 126 ft, was observed at or near the 
top of the formation only, it could be considered to be the water 
level in the overlying sand. If the water level was observed 
only near the bottom of the formation, it probably reflects 
leakage from the deeper aquifer, which is considered to be 
artesian.

Well 448, Alien Linn; NEMSE% sec. 15, T. 17 N., R. 1 E.
[Log by ARRC]

Thick­ 
ness Depth 

(feet) (feet)
Soil . _ 55 
Gravel _..______._.._.______________-__._..___..___._ 19 24
Mud and gravel - _. . .  . ._    . .-             15 39
Quicksand   ____.._______.______________.______ 6 45
Gravel, boulders ._._._ _.__ _ _.__ ._._____-_______. 16 61
Rock, solid                            4 65
Gravel, rock     .   _..   .. ..  .      _____.... 4 69
Rock formation                    _   .__   24 93
Gravel; water            _              13 106
Solid formation     .... ._     _..      _     2 108
Remarks: The formations between 69 and 93 ft and below 106 

ft are thought to be till. Well 449, a few hundred feet away, 
records "shale and sand (blue)" at 79 to 89 ft. The "mud 
and gravel" at 24 to 39 ft may also be till, although no com­ 
parable formation is recorded for well 449.

Well 496, Valley Christian Childrens Home; SW%SW% sec. 6, T. 17 N., R. 1 E.
[Log by driller, S. Gotten]

Thick­ 
ness Depth 

(feet) (feet)
Soil; loose gravel with boulders                 _  6 6
Sand and gravel, loose; a little water at 40 ft._         34 40 
Clay, blue  -. ...      ..  . . .. ...   .  .  ._  .  _ 42 82 
Clay, blue, and gravel; rocks and a little water at 107 ft; clean

sand with water, 158-161 ft                     87 169
Sand, fine to medium, clean; water found at 169 ft, rose to about

130 ft; sand heaves 25-35 ft into casing __...          61 230 
Sand, fine, with a little fine gravel and clay    ...       12 242
Record missing _________________ __ _ . 16 258
Clay -   -          _____________________ 26 284
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Clay, blue, and gravel _________________________ 21 305 
Bedrock: gray quartzitic sandstone ~. ._.___  ____  - at 305
Remarks: Clay and gravel, 82-169 and 284-305 ft, interpreted 

as till. See records of wells 490, 491, and 492, table 5. Till is 
exposed in a hill between wells 491 and 496.

Well 578, Joseph Gislason; SW%SW% see. 18, T. 17 N., R. 1 E.
[LogbyARRC]

Thick­ 
ness Depth 
(feet) (feet)

Topsoil _. _._ _____.__._  _______._.___._......__ 5 5
Sand and gravel  .._... .   ..... . . ... ....   . .  _-_. .  70 75
Sand, coarse _______________________________ 15 90 
Gravel, mud, and sand; blue and mucky water, easily bailed out 20 110 
Mud, glacial, and gravel, blue and thick; some water _ _     18 128
Mud, glacial, and sand   _ . .._ . . _ _   ___._ 11 139 
Mud, blue ________________________________ 35 174
Gravel, red; water level 80 ft, summer 1948 ____ ....__    6 180
Remark: The red gravel below 174 ft is interpreted as weath­ 

ered gravel that was covered by other deposits during a later 
glacial episode. The high artesian water level and the descrip­ 
tion of the material between 90 and 174 ft suggest that at least 
part of that material is till.

Well 596a, Ralph Bradley; NW%NE% sec. 23, T. 17 N., R. 1 W. 
[Log by driller. S. Gotten]

Thick­ 
ness Depth 
(feet) (feet) 

Hardpan; dug well (No. 596)__________________._____ 25 25
Hardpan, sandy; wet; open hole can be drilled ahead of casing

only about 1-2 ft _____________________________ 21 46
Hardpan, contains more clay; hole stands open for several feet

ahead of casing ___.__.._.__________._._ ____.__ 14 60 
Record missing; owner reports that hardpan extends to 90 ft  ._ 30 90 
Sand .._...... ._  _ __.._..._____.._.___._...___..._._.._ at 90
Remarks: Till is exposed in surface cuts nearby. For informa­ 

tion regarding dug well, see well 596, table 5.
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